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ABSTRACT
The p o s s ib le  u se s  o f  l a s e r  Induced f lu o re s c e n c e  In  a n a ly t i c a l  
c h em is try  were in v e s t ig a te d .  In f ra re d  f lu o re s c e n c e  was induced  from 
e th y le n e , p ro p y len e , 1 -b u te n e , e th y l  e th e r ,  a c e ta ld e h y d e , m ethyl a lco h o l 
and e th y l  a lc o h o l w ith  a CO  ̂ l a s e r  r a d ia t in g  a t  10 .6  m ic ro n s . A s tu d y  
was conducted  to  in v e s t i g a t e  th e  in t e r f e r e n c e  o f numerous compounds on 
th e  f lu o re sc e n c e  o f e th y le n e  a t  10 .6  m ic ro n s . A lthough o n ly  a few o f th e se  
compounds caused an in te r f e r e n c e  in  s tu d ie s  conducted a t  a tm o sp h eric  
p re s s u re ,  an  in te r f e r e n c e  to  th e  i n t e n s i t y  o f th e  e th y le n e  f lu o re sc e n c e  
s ig n a l s  was e f f e c te d  by most of th e s e  compounds when s tu d ie d  in  evacuated  
sy stem s. F o r e x a m p le ,i t  was found th a t  compounds which absorbed  10 ,6  
m icron  r a d i a t i o n  enhanced th e  f lu o re sc e n c e  s ig n a l  o f e th y le n e . A mecha­
nism  fo r  t h i s  in te r f e r e n c e  i s  p re s e n te d . The quenching e f f i c i e n c y  o f 
th e  compounds on e x c ite d  e th y le n e  m o lecu les  was d e te rm in ed , and compared 
to  v a lu e s  c a lc u la te d  from  p u b lish e d  d a ta .  I t  was de term ined  th a t  e x c ite d  
e th y le n e  m o lecu les  could  t r a n s f e r  v ib r a t i o n a l  energy  to  c o l l i s i o n  p a r tn e r s  
g e n e ra t in g  s e n s i t iz e d  f lu o re s c e n c e  from th e  l a t t e r  m o lecu les . The 
s e n s i t i z in g  e f f e c t  i s  a p o t e n t i a l  a n a ly t i c a l  in te r f e r e n c e .
S tu d ie s  were a l s o  conducted to  d e te rm in e  th e  e f f e c t  o f  la s e r  
power and e th y le n e  c o n c e n tra t io n  on e th y le n e  f lu o re sc e n c e  i n t e n s i t y .  I t  
was a ls o  shown th a t  a lo n g e r  l a s e r  p a th  le n g th ,  which In c re a s e d  th e  
exposed sample s iz e ,  gave r i s e  to  an in c re a s e d  f lu o re sc e n c e  s ig n a l .  The 
in c re a s e  observed  was up to  s ix ty  p e rc e n t .  But fu r th e r  in c re a s e  in  p a th  
le n g th  d id  n o t in c re a s e  th e  s ig n a l  f u r th e r  because o f s e l f - a b s o r p t io n  o f  
f lu o re s c e n c e  r a d ia t io n  by u n ex c ited  e th y le n e  in tro d u ce d  i n to  th e  o p t ic a l  
system .
x l i
I t  was a l s o  observed  th a t  th e  l i f e t im e  o f an e x c i te d  s t a t e  
m olecu le  I s  a key  f a c to r  In  th e  a p p l i c a t io n  o f  f lu o re s c e n c e  to  a i r  
p o l lu t io n  m o n ito r in g . W ith in c re a se d  l i f e t im e ,  the  p o s s i b i l i t y  o f 
quench ing  In c re a s e s  w ith  a c o rre sp o n d in g  lo s s  o f a n a ly t i c a l  s e n s i t i v i t y  
to g e th e r  w ith  an  In c re a se d  l ik e l ih o o d  o r  e r r o r .
A ttem pts were made to  o bserve  f lu o re sc e n c e  from  eng ine  ex h au s t 
g a s e s ,  b u t none was d e te c te d .  In  a s e p a ra te  s tu d y , s u l f u r i c  a c id  
f lu o re s c e n c e  was o b serv ed , a lth o u g h  n o t re p ro d u c ib ly , from a h ig h  con­
c e n t r a t i o n  o f s u l f u r i c  a c id .
An unexpected  e th y len e-o x y g en  r e a c t io n  was produced by l a s e r  
i r r a d i a t i o n .  T h is  r e a c t io n  was a p o t e n t i a l  a n a ly t i c a l  in te r f e r e n c e  o f 
th e  l a s e r  f lu o re s c e n c e  te c h n iq u e . The m ajor r e a c t io n  p ro d u c t was 
i d e n t i f i e d  as  pa ra fo rm ald eh y d e , b u t s e v e ra l  gas phase p ro d u c ts  were 
a la o  n o te d .





The u se  o f l a s e r s  in  a n a ly t i c a l  ch em istry  has n o t ic e a b ly  in ­
c re a se d  d u rin g  th e  p a s t  s e v e ra l  y e a r s .  S in ce  1966 when in f r a r e d  f lu o r ­
escen ce  induced  by in f r a r e d  l a s e r  r a d ia t io n  was f i r s t  r e p o r te d  f o r  carbon  
1
d io x id e , numerous s tu d ie s  have been made u s in g  in f r a r e d  l a s e r  te c h n iq u e s . 
I t  i s  a n t ic ip a te d  th a t  in  th e  f u tu r e ,  such re se a rc h  w i l l  in c re a s e  a t  an 
a c c e le r a t in g  speed  due to  a v a i l a b i l i t y  o f  more s o p h is t i c a te d  in f r a r e d  
in s tru m e n ts . L ase rs  a r e  a c o n v en ie n t energy  sou rce  becau se  th ey  have 
h ig h  power d e n s i ty  and th ey  a re  m onochrom atic and c o h e re n t in  n a tu re .
T hree a p p l ic a t io n s  o f i n t e r e s t  in  in f r a r e d  la s e r s  a re  (a )  as  a to o l  fo r  
en e rg y  t r a n s f e r  mechanism s tu d i e s ,  (b) a s  a chem ical r e a c t io n  i n i t i a t o r ,  
and (c )  a s  a rem ote d e te c to r  o f  a i r  p o l lu ta n t s .
Many s tu d ie s  on energ y  t r a n s f e r  mechanisms have been made 
u t i l i z i n g  in f r a r e d  la s e r  r a d i a t i o n .  These s tu d ie s  w ere based  upon
su ch  sp e c ie s  a s  C2H4 , 2"4 CH^,5 CH3F , 6"8 CH3C 1,9 CO,10" 13 0 3 , 14' 16
17-20 *8 . 21-23 , 22,23 24 ,25  26 27 28,29
HF, DF, HC1, DC1, * NO, N20 , OCS, and S F ^  ’
L ife t im e s  o f  l a s e r  e x c ite d  m o lecu les  were measured and used  to  deduce 
in fo rm a tio n  co n ce rn in g  th e  energ y  t r a n s f e r  mechanism. A n o th er a p p l i ­
c a t io n  o f  l a s e r  te ch n iq u es  was in  chem ical r e a c t io n s ,  in  w hich in f r a r e d
30-41l a s e r  energy a c te d  as an  i n i t i a t o r .  I t  was b e lie v e d  th a t  a b so rp ­
t i o n  o f  m onochrom atic l a s e r  r a d ia t io n  a c t iv a te d  a r e a c ta n t  to  an e x c ite d  
s t a t e  which induced  f u r th e r  r e a c t io n .  Remote sen s in g  o f  a i r  p o l lu ta n t s  
was a  f u r th e r  a p p l ic a t io n  o f  l a s e r s .  Three te ch n iq u es  have been ap p lie d  
to  rem ote s e n s in g ,  a b s o rp tio n , s c a t t e r in g  and f lu o re s c e n c e . K lld a l
42
and Byer have e v a lu a te d  th e se  la s e r  methods fo r  sen s in g  a i r  p o l lu ta n t s .
The a b s o r p t io n  m ethod i s  q u i te  s e n s i t i v e ,  b u t r e q u ir e s  a  rem ote d e te c to r
o r  r e f l e c t i v e  t a r g e t  to  re c e iv e  th e  t r a n s m itte d  beam and th e re fo re  la c k s
m o b i l i ty .  The s c a t t e r i n g  method i s  g e n e ra l ly  n o t s p e c i f i c  to  a s in g le
p o l l u t a n t .  The f lu o re s c e n c e  m ethod i s  s p e c i f ic  and does n o t r e q u i r e  a
rem ote r e f l e c t o r  o r  d e te c to r .  S in ce  th e  l a s e r  and d e te c to r  can be
ju x ta p o s e d , th e  f lu o re s c e n c e  method was m obile  and co u ld  be u sed  to
d e te c t  p o l lu ta n t s  i n  rem ote p la c e s .
Any s u c c e s s fu l  m o n ito rin g  system  must be s e n s i t i v e ,  s p e c i f i c ,
in s ta n ta n e o u s  and g iv e  r e a l - t im e  a n a ly s i s .  The method shou ld  a ls o  be
m ob ile  and c ap a b le  o f  rem ote s e n s in g . T echniques which re q u ire  sam ple
c o l l e c t i o n  and sc ru b b in g  a re  g e n e r a l ly  tim e consum ing and g iv e  tim e -
a v e ra g e d , n o t r e a l - t im e  d a ta .  The in f r a te d  l a s e r  f lu o re s c e n c e  te c h n iq u e
s a t i s f i e s  th e  above req u irem en ts  e x c e p t th a t  o f  s p e c i f i c i t y .  H o p e fu lly ,
42
a tu n a b le  l a s e r  would so lv e  th e  problem  o f s p e c i f i c i t y .  The te c h n iq u e  
i s  in s ta n ta n e o u s  and g iv e s  r e a l - t im e  a n a ly s i s .  B ecause o f  the  c o h e re n t 
n a tu re  o f  l a s e r  r a d i a t i o n  w ith  a minimum lo s s  o f  power d e n s i ty ,  rem ote 
s e n s in g  i s  p o s s ib le .  A t p re se n t th e  te ch n iq u e  i s  n o t s u f f i c i e n t l y  
s e n s i t i v e  to  d e te c t  d is p e r s e d  p o l l u t a n t s .  A t h e o r e t i c a l  c a lc u la t io n  
p r e d ic te d  t h a t  w ith  h ig h e r  l a s e r  pow ers, s e n s i t i v i t y  would be s u f f i c i e n t
I A f t
f o r  such a p p l i c a t io n s .  * The c u r r e n t  te ch n iq u e  can m easure h ig h ly
42
c o n c e n tra te d  p o l lu t a n t  so u rc e s , such  as  sm okestacks. The p o te n t i a l
u s e f u ln e s s  o f  th e  in f r a r e d  la s e r  f lu o re s c e n c e  te ch n iq u e  f o r  a i r  p o l l u ­
te
4 ,
45t io n  m o n ito r in g  was f i r s t  su g g es ted  in  1968 by R obinson, e £  a l . S in c
th en  s e v e r a l  r e p o r ts  p e r ta in in g  to  t h i s  a p p l ic a t io n  have been p u b lis h e d .
3 6 ,4 3 -6 0  _  . , _ ,These s tu d ie s  account f o r  o n ly  a sm all p o r t io n  o f  th e  t o t a l
s tu d ie s  o f  l a s e r  induced  v ib r a t io n a l  f lu o re s c e n c e . No com m ercially  su c ­
c e s s f u l  rem ote s e n s in g  a p p l ic a t io n  h as  been r e p o r te d ,  presum ably due to  
in s tru m e n ta l  d i f f i c u l t i e s .
As th e  r e s u l t  o f  th e  s tu d ie s  o f  l a s e r  induced  v ib r a t i o n a l  
f lu o r e s c e n c e ,  i t  i s  now b e lie v e d  th a t  th e  o c cu rran c e  o f  f lu o re s c e n c e  a t
a s h o r t e r  w aveleng th  th an  th e  e x c i t a t i o n  r a d i a t i o n  i s  a common phenom-
2 ,3 ,6 -9 ,1 5 ,1 6 ,2 6 ,4 5 -4 9 ,5 2 -5 8 ,6 1 -6 5  
enon. S e v e ra l  mechanisms f o r  th i s
J 2 ,6 ,1 6 ,2 8 ,4 4 ,5 1 ,6 3 ,6 4 ,6 6 ,6 7  
o b s e rv a tio n  have been  p o s tu la te d ,  b u t o n ly  a
26 61few have been  dem o n stra ted  to  be w orkab le . * Study o f  t h i s  phenomenon 
i s  c o m p lic a te d . The energy  a s s o c ia te d  w ith  v i b r a t i o n a l  f lu o re s c e n c e  i s  
much s m a l le r  th a n  th a t  o f  e l e c t r o n i c  f lu o re s c e n c e , and can  be su p p lie d  
from many s o u rc e s . T hus, th e  phenomenon o f  th e  v ib r a t io n a l  energy  
t r a n s f e r  i s  n o t w e ll  u n d ers to o d  a t  p r e s e n t .
I n  1968 a s e n s i t i z in g  e f f e c t  was f i r s t  no ted  by R obinson and
Ac
h is  c o -w o rk e rs  in  t h e i r  CO  ̂ l a s e r  f lu o re s c e n c e  s tu d ie s .  When a m ix tu re  
o f  n itro m e th a n e  and propane was i r r a d i a t e d  w ith  10.6 m icron  la s e r  r a d i ­
a t io n ,  f lu o re s c e n c e  a t  6 .3  m ic ro n s  was o b se rv ed . Propane abso rbed  10 .6  
m icron l a s e r  r a d i a t i o n ,  b u t d id  n o t f lu o re s c e  a t  6 .3  m ic ro n s . N i t r o ­
methane d id  n o t ab so rb  the  e x c i t a t i o n  la s e r  energy  and by i t s e l f ,  d id  
n o t f lu o r e s c e  a t  6 .3  m ic ro n s . The observed  f lu o re s c e n c e  s ig n a l  a t  6 .3  
m icron  m ust be a t t r i b u t e d  to  a s e n s i t i z in g  e f f e c t  by p ro p an e . S ince
th i s  s tu d y , no r e p o r ts  w ere made o f  a s e n s i t i z in g  e f f e c t  in  th e  in f r a r e d
 ̂ . j i 7 ,8 ,2 4 ,2 7 ,4 6 ,6 8 ,6 9re g io n  u n t i l  1973. * * » » » »
In  1973, R obinson and Dake re p o r te d  th a t  e th y le n e  f lu o re s c e n c e ,
a t  10 .6  m ic ro n s , d e c rea se d  by a  f a c to r  o f  seven  when a  la rg e  amount o f
n i t ro g e n  was added to  th e  e th y le n e  c o n ta in in g  c e l l .  S im ila r  r e s u l t s
4were a ls o  o b serv ed  from  an  e th y l e n e - a i r  system .
In  th e  p re s e n t  in v e s t ig a t i o n ,  a q u a s i-c o n tin u o u s  CO2  gas l a s e r  
was u sed  a s  an  e x c i t a t i o n  so u rce  and induced in f r a r e d  f lu o re s c e n c e  
re c o rd ed  f o r  e th y le n e ,  p ro p y le n e , 1 -b u te n e , e th y l  e th e r ,  a c e ta ld e h y d e ,
e th y l  a c e t a t e ,  m ethy l a lc o h o l and e th y l  a lc o h o l .  E th y len e  was chosen 
f o r  th e  g r e a te r  p a r t  o f  the  in v e s t ig a t io n  becau se  o f  i t s  s t ro n g  a b so rp ­
t i v i t y  o f  10.6 m icron  l a s e r  r a d i a t i o n  and i t s  s tro n g  f lu o re s c e n c e . I t  
i s  a ls o  o f  im p o rtan ce  as  an a i r  p o l lu t a n t .  E th y len e  i s  a common a i r  
p o l lu t a n t ,  coming p r im a r i ly  from  au to m o b ile  e x h a u s t. Some data  show 
t h a t  the  e x h au s t was found to  be a s  h ig h  as  500-1000 ppm e th y le n e .^ 0
O th e r so u rces  o f  e th y le n e  a re  leak ag e  from i n d u s t r i a l  p la n t s  and b u rn ing
71o f  a g r i c u l tu r a l  w a s te s . High le v e l s  o f  e th y le n e  downwind from f o r e s t
72and b rush  f i r e s  have been  r e p o r te d .  The h e a l th  e f f e c t s  o f  e th y le n e
a r e  no t w e ll known. I t  i s  b e l ie v e d  th a t  e th y le n e  has no h a rm fu l e f f e c t s
on humans o r an im a ls  below c o n c e n tra t io n s  o f  80 p e rc e n t f o r  s h o r t
p e r io d s  o f  tim e . E th y len e  was used as an a n a e s th e t ic  b e fo re  le s s
73
e x p lo s iv e  a n a e s th e t i c  g ases  w ere d ev e lo p ed . E thy lene  h as  been re p o r te d  
to  a f f e c t  th e  grow th o f  some p l a n t s .7 ^ ,7 4
In  t h i s  d i s s e r t a t i o n ,  th e  e f f e c t  o f  compounds a t  low p re s su re s  
upon th e  10 .6  m ic ro n  f lu o re s c e n c e  o f  e th y le n e  was s tu d ie d .  Compounds 
s tu d ie d  were m ethane, p rop an e , hexane, h e p ta n e , p ro p y le n e , 1 -b u te n e , 
a c e ty le n e ,  b en zen e , cy c lo h ex an e , a c e to n e , c h lo ro fo rm , ca rb o n  t e t r a ­
c h lo r id e ,  m ethy l a lc o h o l ,  e th y l  a lc o h o l ,  s u l f u r  d io x id e , a rg o n , he lium , 
n i t r o g e n ,  a i r  and w a te r . The s tu d ie s  were conducted  in  n i t r o g e n  o r a i r  
a tm ospheres and un d er vacuum. High p re s s u re  quenching ex p erim en ts  were 
a ls o  perform ed f o r  h e liu m , m ethane, a i r ,  n i t r o g e n ,  argon and p ropane .
A c o r r e l a t io n  betw een th e  e f f e c t  on th e  e th y le n e  f lu o re sc e n c e  and 
c h a r a c t e r i s t i c s  o f  th e  compound was made.
The s e n s i t i z i n g  e f f e c t  o f  e x c i te d  s t a t e  e th y le n e  m o lecu les  was 
in v e s t ig a te d  f o r  system s w ith  s u l f u r  d io x id e ,  a c e to n e , m ethane, carbon
6
t e t r a c h l o r i d e ,  c h lo ro fo rm , cy c lo h ex an e , benzene and p ro p an e . I t  was 
found th a t  e x c i te d  s t a t e  e th y le n e  m o lecu les  induced  f lu o re sc e n c e s  o f  
th e se  compounds. S e n s i t iz e d  f lu o re sc e n c e  cou ld  be a d i r e c t  a n a ly t i c a l  
in te r f e r e n c e  when f lu o re s c e n c e  o f  th e  compounds o c c u rs  a t  s im i la r  wave­
le n g th s .  On th e  o th e r  hand , th e  s e n s i t i z in g  e f f e c t  c o u ld  be used  a s  an 
in d i r e c t  a n a l y t i c a l  m ethod.
The dependance o f  e th y le n e  f lu o re s c e n c e  i n t e n s i t y  upon l a s e r  
power and e th y le n e  c o n c e n tra t io n  was s tu d ie d .  R e s u lts  in d ic a te d  th a t  
f lu o re s c e n c e  in c re a s e d  l i n e a r ly  w ith  l a s e r  power a lth o u g h  i t  d id  n o t 
in c re a s e  l i n e a r l y  w ith  e th y le n e  c o n c e n tr a t io n .  A long  p a th  c e l l  e x p e r i ­
ment was perform ed  showing th a t  th e  d e te c t io n  l im i t  o f  e th y le n e  co u ld  
be low ered w ith in  l im i t s  imposed by s e l f - a b s o r p t io n .  The la s e r  f l u o r e s ­
cence te c h n iq u e  was u sed  to  m o n ito r en g in e  e x h au s t g a se s  and s u l f u r i c  
a c id  a e r o s o l .  Ho s ig n a ls  w ere observed  from th e  e x h au s t o f  a one c y c le  
e n g in e . In  a s e p a ra te  ex p erim en t u s in g  s u l f u r i c  a c id  a e r o s o l ,  f lu o re s c e n c e  
s ig n a ls  w ere o b se rv ed . F u r th e r  work on th e  q u a n t i t a t i v e  a sp e c t was n o t 
pe rsuaded  in  t h i s  s tu d y .
The l i f e t im e  o f  e x c ite d  s t a t e  e th y le n e  was in v e s t ig a te d  b u t 
due to  th e  l im ite d  a v a i l a b i l i t y  o f  in s tru m e n ts ,  no s a t i s f a c t o r y  r e s u l t s  
were o b ta in e d . Thus no c o n c lu s iv e  e v a lu a t io n  co u ld  be made o f  th e  
la s e r  f lu o re s c e n c e  te c h n iq u e  fo r  rem ote m apping. The u se  o f  a p u lsed  
la s e r  would make such l i f e t im e  s tu d ie s  p o s s ib le .
A la s e r  s t im u la te d  r e a c t io n  betw een e th y le n e  and oxygen was 
n o ted  and s e v e r a l  r e a c t io n  p ro d u c ts  were i d e n t i f i e d .  One p ro d u c t, 
p a ra fo rm a ld eh y d e , was formed in  h ig h  y ie ld  and p u r i t y .  Such a l a s e r  
i n i t i a t e d  chem ica l r e a c t io n  could  be a d i r e c t  a n a l y t i c a l  in te r f e r e n c e  to  
th e  l a s e r  f lu o re s c e n c e  te c h n iq u e .





L a s e r s :
P e rk in -E lm er L a s e r : A q u a s i-c o n tin u o u s  C0£ gas l a s e r
(P erk in -E lm er Model 6200) was used a s  th e  e x c i t a t i o n  so u rce  th roughou t 
th e  ex p erim en ts  in  t h i s  d i s s e r t a t i o n .  The l a s e r  had a  p r i c i p l e  la s in g  
w avelength  o f  10 .6  m icrons and a maximum power o f  45 w a t ts .  The d iam eter 
o f  th e  l a s e r  beam was 10 mm.
Helium-Neon L a s e r : A M ete ro lo g ic  0 .5  mw he lium -neon  la s e r
was used to  a l ig n  e x p e rim en ta l o p t i c a l  sy stem s.
M onochrom etors:
Beckman IR -1 0 : The Beckman IR -10 In f ra r e d  S p e c tro ­
photom eter was used in  some o f th e  ex p e rim en ts . T his in s tru m e n t was 
m o d ified  to  f a c i l i t a t e  q u a n t i t a t iv e  a n a ly s i s .  The m o d if ic a t io n s  w i l l  be 
d e sc r ib e d  l a t e r .  The Beckman IR-10 employed a therm ocouple d e te c to r  and 
was o p e ra ted  in  s in g le  beam mode.
M cPherson 218: The M cPherson Model 218 0 .3  M eter Mono­
ch ro m ato r, f i t t e d  w ith  an  McPherson Model 607 F i l t e r  A ssem bly, was used 
in  o th e r  e x p e r im e n ts . D i f f r a c t io n  was ach iev ed  by a g r a t in g ,  b lazed  
fo r  e ig h t  m ic ro n s  w ith  150 groove p e r m i l l im e te r .  P e r io d i c a l ly ,  the 
M cPherson f i l t e r  assem bly was used w ith o u t th e  monochrometor as  band­
p a ss  f i l t e r s .
D e te c to r s :
T hree  detecto rs were employed in  th e s e  s tu d ie s .  A Beckman 
Thermocouple 104444 D e te c to r  was used  in  c o n ju n c tio n  w ith  th e  Beckman 
IR -1 0 , O th er s tu d ie s  employed a B arnes E n g in ee rin g  Model 662 T r ig ly c e n e  
S u l f a te  (T .G .S .)  P y r o e le c t r ic  D e te c to r  o r  an O p to e le c tro n ic  Model 0E-4M 
M ercury Cadmium T e l lu r id e  D e te c to r .  The l a t t e r  d e te c to r  was mounted in  
a c ry o g en ic  dewar which a llow ed  o p e ra t io n  a t  l iq u id  n i tro g e n  te m p e ra tu re .
F lu o re sc e n c e  C e l l s :
S h o r t G la ss  C e l l : The Pyrex  short p a th  g la s s  c e l l  i s  shown
in  F ig u re  1. L a se r beam tra n s m is s io n  th rough  t h i s  c e l l  was p ro v id ed  f o r  
by two 1 in ch  d ia m e te r  I r t r a n - 2  windows. I r t r a n - 2  i s  an Eastman Kodak 
tradem ark  f o r  p o ly c r y s ta l l in e  z in c  s u l f i d e .  A nother I r t r a n - 2  window,
1 .5  in ch es  in  d ia m e te r ,  was p re s e n t  f o r  o b s e rv a tio n  o f  f lu o re s c e n c e .
W ater C ooled B rass C e l l : For b e t t e r  c o n tro l  o f  c e l l
te m p e ra tu re , a  w a te r  co o led  c e l l  was c o n s tru c te d  a s  a ls o  shown in  F ig u re
1. The b ra s s  c y l i n d r i c a l  c e l l  had a  c a p a c ity  o f  490 ml and was f i t t e d  
w ith  a w a te r  c o o l in g  ja c k e t .  One and a h a l f  inch  d ia m e te r  I r t r a n - 2  
windows w ere employed f o r  th e  e n tra n c e  and e x i t  o f  l a s e r  beam as w e ll 
a s  f o r  th e  o b s e r v a t io n  o f  f lu o re s c e n c e .
C ho p p ers :
M echan ica l choppers were u sed  in  a l l  ex p erim en ts  to  
g e n e ra te  i n t e r m i t t e n t  s ig n a l s .  The Beckman IR-10 chopper o p e ra te d  a t  
10 Hz. The P r in c e to n  A p p lied  R esearch  (PAR) Model 125 Chopper was 













F ig u re  1. 
F lu o re sc en c e  C e l ls
A. S h o r t  G lass C e l l  
1 , I r t r a n - 2  Windows
4 . W ater J a c k e t
B. W ater Cooled B ra ss  C e l l  
2 , 3 . W ater I n l e t  and O u tle t 
5 , 6 . Sample I n l e t  and O u tle t
I
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R eference  S ig n a l  G e n e ra to r :
Both choppers  in c lu d ed  b u i l t - i n  re fe re n c e  s ig n a l  g e n e ra to rs  
which w ere found to  be in c o n v e n ie n t. A sim ple  r e f e r e n c e  s ig n a l  g en er­
a t io n  was b u i l t  a s  shown in  F ig u re  2 . The re sp o n se  tim e o f  th e  pho to­
d io d e  (M o to ro la , ty p e  312) used in  t h i s  c i r c u i t  was m easured to  be le s s  
th a n  0 .5  m sec. The o u tp u t  o f  th e  r e fe re n c e  s ig n a l  g e n e ra to r  was used to  
t r i g g e r  th e  T ek tron  O sc illo sc o p e  o r  a s  a re fe re n c e  to  th e  PAR a m p li f ie r .
A m p lif ie r s :
A P r in c e to n  A p p lied  R esearch  Model 124 lo c k - in  a m p l i f ie r ,  in  
c o n ju n c t io n  w ith  a  PAR Model 116 d i f f e r e n t i a l  p r e a m p l i f i e r ,  was employed 
in s te a d  o f  th e  Beckman IR-10 a m p l i f ie r  c i r c u i t .
O s c il lo s c o p e :
The o s c i l lo s c o p e  used to  d is p la y  d e te c to r  o u tp u t ,  was a 
T ek tro n  Type 536. I t  was f i t t e d  w ith  a  Type H P lu g - in  U n it whose 
maximum s e n s i t i v i t y  was 0 .005 v o l ts /c m .
R ec o rd e rs :
The a m p l i f ie r  o u tp u t was d is p la y e d  on e i t h e r  a  Beckman Model 
1003 P o te n tio m e tr ic  R eco rd er o r  a  Texas In s tru m e n ts  S e rv o -R ite r  I I  te n -  
in ch  d u a l pen re c o rd e r .
Power M e te r:
The c o h e re n t R a d ia tio n  M odel 201 power m e te r  was used  to  




F ig u re  2 .
R eference  S ig n a l G en era to r
1< G. E , 53 D. C. Lamp
2 . Chopper B lades
3 . M otoro la  Type 312 Photodiode
4 . R eference  S ig n a l  O utput
The g e n e r a to r  c o n s is te d  o f  two p ie c e s ,  a p p a ra tu s  f o r  l i g h t  
g e n e ra t io n  and l i g h t  d e te c t io n .  Both w ere fa c in g  each o th e r  th rough  
th e  chopper b la d e s .
Windows i
One mm th ic k  I r t r a n - 2  windows were used  f o r  p assage  o f  in f r a r e d  
r a d i a t i o n .  I r t r a n - 2  was i n e r t  to  th e  chem icals employed in  th e s e  s tu d ie s .
REAGENTS:
The fo llo w in g  chem icals  w ere used w ith o u t f u r th e r  p u r i f i c a t i o n :  
A ceta ld eh y d e  -  M atheson, Coleman and B e l l ,  R eagent Grade 
A cetone -  M atheson, Coleman and B e l l ,  S p e c tro q u a li ty  
A ce ty len e  -  M atheson, C .P .
A ir  -  Woodward Wight B ig  T hree , 20.90% O j, 78.137. N2 , 0.937. A r,
67ppm H2 0 , 8 ppm CH^, lppm H .C ., 40ppm CO2 .
Argon -  Woodward W ight Big T hree , 99.985%
Benzene -  M a ll in c k ro d t , A n a ly t ic a l  R eagent 
1-B utene -  M atheson, C .P .
Carbon D io x id e  -  M atheson, C .P.
Carbon T e tr a c h lo r id e  -  M a ll in c k ro d t, A n a ly t ic a l  R eagent 
C hloroform  - M a ll in c k ro d t, A n a ly t ic a l  Reagent 
C yclohexane -  M atheson, Coleman and B e l l ,  R esearch  Grade 
E th y l A c e ta te  -  M a ll in c k ro d t, A n a ly t ic a l  Reagent 
E th y l A lco h o l -  U .S . I . ,  Reagent Q u a li ty  
E th y len e  -  M atheson, C .P .
E th y l E th e r  -  M a ll in c k ro d t, A n a ly t ic a l  Reagent 
Helium -  M atheson, C .P .
H eptane -  M atheson, Coleman and B e l l ,  R esearch  Grade 
Hexane -  M atheson, Coleman and B e l l ,  R esearch  Grade 
M ethane -  M atheson, C .P .
M ethyl A lco h o l -  M a ll in c k ro d t, A n a ly t ic a l  Reagent
N i t r i c  Oxide -  M atheson, C .P.
N itro g e n  -  Woodward W ight Big T h re e , 99,993% 
N itro g e n  D ioxide  -  M atheson, C .P .
Oxygen -  Woodward W ight Big T h re e , 99.9% 
Propane -  M atheson, C .P .
P ro p y len e  -  M atheson, C .P .
S u lfu r  D ioxide -  M atheson, A nhydrous
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S e v e ra l  ex p e rim en ta l In v e s t ig a t io n s  were conducted  in  t h i s  
d i s s e r t a t i o n .  A CO  ̂ gas l a s e r  was d i r e c te d  in to  a gas c e l l  c o n ta in in g  
sam ple g a se s , and f lu o re sc e n c e  s ig n a ls  from th e  c e l l  w ere m easured. The 
f i r s t  s ix  s e c t io n s  o f  t h i s  c h a p te r  d is c u s s  in s tru m e n ta t io n s  and e v a lu a ­
t io n s  o f  th e  equipm ent in v o lv ed  in  t h i s  w ork. Then, i t  i s  fo llow ed  by 
th e  I n v e s t ig a t io n s  o f  th e  f lu o re s c e n c e  s p e c tr a  o f  in d iv id u a l  compounds 
and th e  s e n s i t i z e d  f lu o re sc e n c e  s p e c t r a  o f  some compounds. The s e n s i ­
t i z e d  f lu o re s c e n c e  i s  q u a n t i t a t iv e ly  d is c u s s e d  in  S e c tio n  J .  E f f e c ts  o f  
tw en ty  three compounds on e th y le n e  f lu o re s c e n c e  a re  d e sc r ib e d  in  S e c tio n  
H, In  th e  s e c t io n s  K, L and M, th re e  a n a ly t i c a l  p a ram e te rs  invo lved  in  
th e  la s e r  f lu o re s c e n c e  te ch n iq u e  a re  d is c u s s e d . These a re  th e  dependence 
o f  f lu o re sc e n c e  in t e n s i t y  on sam ple c o n c e n tra t io n  and l a s e r  power and 
th e  l i f e t im e  o f  e x c i te d  e th y le n e  m o le c u le s . In  l a t e r  p a r t s  o f th e  
C h a p te r , th e  f e a s i b i l i t y  o f  u s in g  a long  p a th  c e l l  f o r  m o n ito rin g  
f lu o re sc e n c e  and th e  f e a s i b i l i t y  o f  m o n ito r in g  th e  f lu o re sc e n c e  o f  en g in e  
e x h au s t was s tu d ie d .  F in a l ly ,  th e  l a s e r  induced ch em ica l r e a c t io n  betw een 
e th y le n e  and oxygen i s  d is c u s s e d .
A . M o d if ic a tio n s  o f  th e  Beckman IR-10 S p ec tro p h o to m ete r
The Beckman IR-10 sp ec tro p h o to m e te r was u sed  in  most e x p e r i ­
m en ts  in  c o n ju n c t io n  w ith  th e  P erk in -E lm er C( > 2  l a s e r .  S in ce  th e  IR -10 
was n o t d esig n ed  f o r  s in g le  beam em iss io n  s tu d ie s ,  s e v e r a l  problem s 
w ere en co u n te red  in  u s in g  th e  s p e c t r o p h o t o m e t e r T h e  jnajor
d i f f i c u l t y  was a s s o c ia te d  w ith  th e  v a r ia b le  s p e c t r a l  background; a 
t y p i c a l  background i s  shown in  F igure  3 . As shown, th e  background 
v a r ie d  g re a t ly  w ith  w av elen g th . This v a r ia t io n  was observed  w hether o r 
n o t a  c e l l  was in  th e  o p e ra t in g  p o s i t io n .  The problem  was f u r th e r  com­
p l i c a t e d  by a g ra d u a l in c re a s e  o f  background s ig n a l  a t  a l l  w aveleng ths 
from  th e  tim e th e  Beckman IR -10  was e n e rg ize d . A ls o , in  th e  7 m icron 
to  8 .5  m icron r e g io n ,  th e  background s ig n a l was below  th e  dynamic 
ra n g e  o f  th e  in s tru m e n t z e ro . T hus, i t  was im p o ss ib le  to  ze ro  th e  
in s tru m e n t in  t h i s  w avelength  ra n g e . Under th e s e  c o n d itio n s  i t  was im­
p o s s ib le  to  co n d u ct q u a n t i t a t i v e  experim en ts.
The v a r i a t i o n  o f th e  background s ig n a l  a s  shown in  F ig u re  3, 
was f i r s t  th o u g h t to  r e s u l t  from  th e  h ea t g e n e ra te d  by th e  chopper motor 
in s id e  th e  I R - 1 0 . A h e a t s h i e l d  was p laced  betw een th e  m otor and 
therm ocouple  d e t e c t o r ,  bu t t h i s  d id  not r e s u l t  i n  an  improvement in  th e  
b a s e l in e ;  how ever, th e  background s ig n a l was found to  be due to  h e a t 
g e n e ra te d  by th e  g r a t in g  m o to r. The h ea t was r e f l e c t e d  by th e  c o l l i ­
m a tin g  m ir ro r  o n to  th e  chopper b la d e s ,  thus c a u s in g  the  r a d i a t i o n  to  be 
m odu la ted  in  phase  w ith  th e  d e t e c t o r ,  and th e r e f o r e  was r e g i s t e r e d .  
S h ie ld in g  the  g r a t in g  m otor c o u ld  n o t be ach iev ed  due to  the  p h y s ic a l  
geom etry  o f th e  s p e c tro p h o to m e te r .
In  o rd e r  to  overcome th e  b a se lin e  p ro b lem , th e  I n te r n a l  
ch o p p er assem bly was removed from  th e  sp ec tro p h o to m ete r o p t i c a l  com­
p a rtm en t'. In  t h i s  way, r a d i a t i o n  o r ig in a t in g  from  th e  g ra t in g  m otor was 
n o t r e f l e c t e d  by th e  chopper b la d e s  and was th e r e f o r e  unm odulated. Such 
r a d i a t i o n  could  be d i f f e r e n t i a t e d  from m odulated r a d ia t io n ,  i . e . , 
f lu o re s c e n c e  s ig n a l s .  When th e  i n t e r n a l  chopper assem bly was removed 
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F ig u re  3.
IR -10 Background S p e c t r a . '
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ta p e , a  b e t t e r  in s tru m e n ta l  b a s e l in e  r e s u l te d  as shown in  F ig u re  3 . An 
a d d i t io n a l  a sp e c t o f  t h i s  m o d if ic a tio n  was th a t  experim en ts cou ld  be 
perform ed w ith  e i t h e r  th e  l a s e r  beam o r  f lu o re sc en c e  s ig n a ls  m odulated .
The second m o d if ic a tio n  was th e  rem oval o f  th e  r e f l e c t i n g  
m ir ro rs  u sed  w ith  double  beam system  in  th e  IR-10 o p t i c a l  l i g h t  p a th . 
S ince o n ly  s in g le  beam o p e ra tio n  was needed, th e  e l im in a tio n  o f  s e v e ra l  
m ir ro rs  would be ex p ec ted  to  improve l ig h t  c o l le c t io n  and th u s  i n s t r u ­
m ental s e n s i t i v i t y .
S e v e ra l m ir ro rs  in  f ro n t  o f  th e  e n tra n ce  s l i t  were removed.
A new o p t i c a l  compartment top was c o n s tru c te d  which allow ed l i g h t  to  
pass d i r e c t l y  through th e  e n tra n ce  s l i t  and onto  th e  c o ll im a tin g  m ir ro r .  
By a d ju s t in g  th e  c o ll im a tin g  m ir ro r  an g le  fo r  maximum l ig h t  c o l l e c t io n ,  
th e  m o d ified  IR-10 p rov ided  one o rd e r  o f  m agnitude b e t t e r  s e n s i t i v i t y  
than  th e  o r ig in a l  IR -10 .
F ig u re  4 shows th e  schem atic  o p t ic a l  diagram s o f  th e  o r ig in a l  
and m o d if ied  IR-10 sp ec tro p h o to m e te rs . With t h i s  m o d if ic a tio n  and th e  
c e l l  i n  p o s i t io n ,  an unexpected  b a s e l in e  d e v ia t io n  ap p eared . T his was 
found to  r e s u l t  from th e  p resence  o f  th e  I r t r a n  window on th e  c e l l .  The 
s u r fa c e  o f  th e  I r t r a n  window r e f l e c t s  th e  h e a t r a d ia t io n  from th e  g ra t in g  
motor o f  th e  IR -10. S in ce  i t  was im p o ssib le  to  in te r c e p t  th e  h e a t  from 
th e  g r a t in g  m otor n e a r  th e  m o to r 's  lo c a t io n ,  an a ttem p t was made to  
b a lan ce  th e  h e a t r e f l e c t i o n  o f th e  I r t r a n  window and th e  chopper b la d e s . 
The chopper b lad es  were made o f  b a k e l i t e ,  which has a  po o re r r e f l e c t i n g  
su rfa c e  th a n  th a t  o f an I r t r a n  window. S e v e ra l m o d if ic a tio n s  were made 
to  th e  chopper b lad es  in  an e f f o r t  to  make them more r e f l e c t i v e .  The 
b e s t r e s u l t  was o b ta in e d  by g lu in g  m icroscope cover g la s s e s  on to  th e  






F ig u re  4.
O p tic a l  Diagram of th e  Beckman IR-10 
B efo re  and A f te r  M o d ific a tio n s  
1. Thermocouple D e te c to r  2. Dual M irro r 3. C o llim a tin g  M irro r
4. G ra tin g s  5 ,6 . S l i t s  7 . F i l t e r s
8 . Chopper 9 -14 . R e f le c t in g  M irro rs
In  th e  m o d ified  IR -10 , th e  r e f l e c t i n g  m ir ro r s  11-14 w ere r e ­
moved. The m od ified  IR-10 r e s u l te d  in  an in c re a s e  in  s e n s i t i v i t y .
Use o f  PAR A m p li f ie r : The IR-10 was d esig n ed  to  g ive  optimum
s t a b i l i t y  and o p e ra t io n  when two r e l a t i v e l y  la rg e  s ig n a l s  were com pared, 
how ever, th e  f lu o re s c e n c e  s ig n a ls  observed  in  t h i s  s tu d y  were r e l a t i v e l y  
weak. A PAR a m p l i f ie r ,  w hich was b e t t e r  d esig n ed  f o r  th e  a m p l i f ic a t io n  
o f  weak s ig n a l s ,  was employed in  l a t e r  s ta g e s  o f  t h i s  re s e a rc h . In  a d ­
d i t i o n ,  th e  PAR a m p li f ie r  was cap ab le  o f  m easuring  a  phase s h i f t  betw een 
th e  i r r a d i a t i n g  freq u en cy  and th e  f lu o re s c e n c e  freq u en cy . I t  was a l s o  
e a s i e r  to  c o r r e l a t e  s ig n a l s  o f  d i f f e r e n t  i n t e n s i t i e s  w ith  th e  PAR a m p li­
f i e r .  S e v e ra l  m o d if ic a tio n s  were r e q u ire d  to  s u c c e s s fu l ly  coup le  th e  
IR -10 m onochrom etor d e te c to r  system  w ith  th e  PAR a m p l i f i e r .  The optimum 
a m p l i f ic a t io n  was o b ta in e d  i f  th e  s ig n a l  g e n e ra te d  by th e  IR-10 pream p­
l i f i e r  was u sed  as th e  in p u t to  th e  PAR a m p l i f ie r .
B. The P e rk in -E lm er L ase r Model 6200
The P erk in -E lm er Model 6200 gas l a s e r  was u sed  a s  an e x c i t a t i o n
so u rce  th ro u g h o u t t h i s  in v e s t ig a t io n .  T h is  s e c t io n  w i l l  d is c u s s  th e
o p e r a t io n a l  p a ram e te rs  and c h a r a c t e r i s t i c s  o f  th e  l a s e r .
In  a  C02  l a s e r  sy stem , n i t ro g e n  i s  s t im u la te d  to  i t s  e x c i te d
s t a t e  by e l e c t r i c a l  d is c h a rg e .  The en ergy  le v e l  o f  th e  e x c ite d  s t a t e
o f  n i t r o g e n  l i e s  n e a r  th e  a sy m m e tr ic - s tr e tc h in g  v ib r a t io n a l  le v e l  o f  CO2 .
T h e re fo re , C02  m o lecu les a r e  p o p u la ted  e f f e c t iv e ly  to  th e  e x c ite d  s t a t e
75 76by c o l l i s i o n  w ith  e x c i te d  s t a t e  n i t ro g e n  m o le c u le s . * The CO2  
m olecu les in  t h i s  s t a t e  w ere re la x e d  to  low er energy  s t a t e s  by s t im u la te d  
em issio n  o r  by c o l l i s i o n  w ith  o th e r  m o le c u le s . The r e s u l t in g  em iss io n  
produces th e  co h e ren t l a s e r  beam.
A th i r d  gas^ such a s  He, H2  o r  D2 , was added to  th e  CO2  l a s e r  
system . T h is  gas cau ses  c o l l i s i o n a l  d e a c t iv a t io n  from  th e  lower CO2
22
77 78energy  le v e l  to  th e  ground s t a t e ,  ’ and ground  s t a t e  CO2  m o lecu les  can 
th e n  r e - e x c i t e  to  th e  a sy m m e tr ic -s tre tc h in g  v i b r a t i o n a l  s t a t e .
To o p e ra te  th e  P e rk in -E lm er l a s e r ,  a  c o n s ta n t  flow  o f  carbon 
d io x id e , n i tro g e n  and h e liu m  g ases  was u sed . I n  p r a c t ic e  th e  p re s su re s  o f  
th e  th r e e  gases in  th e  plasm a tu b e  w ere f i r s t  a d ju s te d  to  1 t o r r  (mmHg) o f 
carb o n  d io x id e , 2 t o r r  o f  n i t r o g e n  and 19 t o r r  o f  helium . The p re s su re s  
w ere m easured w ith  th e  p re s s u re  gauge on th e  in s tru m e n t. By m o n ito r in g  
th e  o u tp u t o f  l a s e r  r a d i a t i o n  on th e  C oherent R a d ia tio n  Model 201 power 
m e te r , a  f u r th e r  f in e  a d ju s tm en t o f  th e  th re e  gas m ix tu res  was made to  
o b ta in  maximum la s e r  o u tp u t .  I t  was found th a t  s l i g h t l y  in c re a s e d  
p re s s u re s  o f  th e  th r e e  g a se s  alw ays p rov ided  g r e a t e r  o u tpu t power but 
exceas  p re s s u re  o f  any gas r e s u l te d  in  a c o n s id e ra b le  d e c rea se  in  la s e r  
pow er.
To o p tim ize  l a s e r  o u tp u t ,  m ir ro r  a lig n m e n ts  were a l s o  n eces­
s a ry  in  e v e ry  o p e ra t io n  o f  th e  l a s e r .  In  th e  c o u rse  o f  th e  o p e ra t io n ,  
b o th  f r o n t  and r e a r  m ir ro r s  o f  th e  l a s e r  c a v i ty  w ere a d ju s te d . However, 
r e p e t i t i o n  o f  such a d ju s tm e n ts  r e s u l t e d  in  th e  lo s s  o f a f in e  a lignm en t 
o f  th e  l a s e r  system . The b e s t  p ro ced u re  fo r  th e  a lignm ent was to  a d ju s t  
one o f  th e  m ir ro rs  w ith  th e  o th e r  k e p t un to u ch ed . I t  was d e c id e d  in  
t h i s  work to  use  th e  n e a r  m ir ro r  f o r  l a s e r  a l ig n m e n t.
A s tu d y  was made o f  the l a s e r  o u tp u t s t a b i l i t y .  When f i r s t  
tu rn e d  on , th e  l a s e r  was u n s ta b le .  H eating  cau sed  by o p e ra t io n  r e s u l te d  
in  a p h y s ic a l  change i n  th e  system . I t  was f r e q u e n t ly  n e c e s sa ry  to  r e ­
a d ju s t  th e  r e a r  m ir ro r  o f  th e  l a s e r  d u rin g  th e  warm-up p e r io d , which was 
ap p ro x im a te ly  one h o u r. F o llow ing  t h i s  p e rio d  an  ad eq u a te ly  s t a b l e  
power o f  30 w a tts  was o b ta in e d . F ig u re  5 shows th e  r e s u l t  o f  th e  la s e r  
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L aser O utput S t a b i l i t y  v e rsu s  Time 
The P erk in -E lm er l a s e r  was tuned  to  powers o f  4 5 , 30, 20 and 10 w a t t s ,  r e s p e c t iv e ly .
S3W
w ere ob ta ined  by m o n ito r in g  th e  l a s e r  o u tpu t w ith  th e  C oherent R a d ia tio n  
power m eter and d is p la y in g  i t  c o n tin u o u s ly  on th e  Texas In s tru m e n ts  
S e rv o -R ite  I I  r e c o r d e r .  As see n  in  th e  f ig u r e ,  a  s h o r t  term  power o f  
45 w a tts  was o b ta in e d .  T his pow er ra p id ly  decayed  to  a p p ro x im a te ly  30 
w a t t s .  Lower i n i t i a l  powers w ith  g r e a te r  s t a b i l i t y  were o b ta in e d  by 
re d u c in g  the  v o l ta g e  ap p lie d  to  th e  plasma tu b e . T h ir ty  w a tts  o f  la s e r  
o u tp u t was chosen  f o r  th i s  s tu d y  because a t  t h i s  power the  o u tp u t  was 
s t a b l e .
The p r i n c i p a l  la s in g  l i n e s  o f the  P e rk in -E lm e r L ase r form  a
band a t  1 0 . 6  m ic ro n s , b u t s e v e r a l  o th e r  l in e s  have  been observed  a t
59
o th e r  w aveleng ths. These l in e s  were d e te c te d  by r e f l e c t i n g  th e  l a s e r  
beam in to  a M cPherson monochrome t o r  w ith  a Beckman therm ocouple d e te c to r .  
An example o f a scan n ed  s p e c tra  i s  shown in  F ig u re  6 . L asing  l in e s  in  
th e  1 0 . 6  m icron band  were alw ays p re s e n t and showed th e  s t r o n g e s t  i n ­
t e n s i t y  among o th e r  l in e s  which o c c a s io n a lly  a p p e a re d  o r  d is a p p e a re d .
The 10.6 m icron band in te n s i ty  was shown to  be r e l a t i v e l y  c o n s ta n t  in  
re p e a te d  scans b u t  o th e r  band i n t e n s i t i e s  v a r ie d  betw een scans even
a f t e r  s u f f ic ie n t  l a s e r  warm-up. A lthough Yuan e t  a l . .  r e p o r te d  spon-
2
tan eo u s  em ission  n e a r  4 .5  m icrons from a C0 ^ gas l a s e r ,  re p e a te d  scans 
o f  th e  P erk in -E lm er l a s e r  r a d i a t i o n  showed no d e te c ta b le  e m iss io n  in  
th e  4 to  5 m icron re g io n .
M irro rs  u se d  in  th e  l a s e r  system  had to  be re p la c e d  o r  r e ­
c o a te d  due to  t h e i r  d e t e r i o r a t i o n .  The f ro n t m i r r o r ,  which i s  th e  
dumping m ir ro r , was concave w ith  10 m eter fo c a l  le n g th .  I t  was 1 in ch  
i n  d iam eter and 2 0  p e rc e n t t r a n s m it ta n c e  a t  th e  in n e r  s id e ,  and was 
a n t i - r e f l e c t i o n  c o a te d  fo r  10 .6  m ic ro n s  on th e  o th e r  s id e .  T h is  m ir ro r  
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F ig u re  6 .
Perkin -E lner Laser Lasing W avelengths.
2 0  p e rc e n t t ra n s m itta n c e  a t  one s u r fa c e  and a n t i - r e f l e c t i o n  co a ted  on th e  
o th e r  f o r  10.6  m icrons was o b ta in e d  from O r ie l  O p tic s  C o rp o ra tio n . How­
e v e r ,  th e  maximum la s e r  o u tp u t o f  th e  new, f l a t  m ir ro r  was on ly  7 w a t t s ,  
S in c e  th e  c u rv a tu re  o f  th e  m ir ro r  was found to  be a c r u c i a l  f a c to r  f o r  
l a s in g  a c t io n  o f  t h i s  p a r t i c u l a r  l a s e r ,  rep lacem en t m ir ro r s  were p u r­
ch ased  from th e  P erk in -E lm er C o rp o ra tio n  in  o rd e r  to  be id e n t i c a l  w ith  
th e  o r i g i n a l .  The r e a r  m ir ro r  which was t o t a l l y  r e f l e c t i n g  was a  f l a t ,  
g o ld -c o a te d  m ir r o r .  Whenever n e c e s sa ry , vacuum d e p o s i t io n  o f  go ld  was 
made on th e  s u r fa c e  o f  t h i s  m ir r o r .  The l a s e r  c a v i ty  was once co m p le te ly  
re-m ade a t  th e  c o l le g e  g la s s  shop when th e  e le c tro d e s  had d e te r io r a te d .  
R ep lac in g  e le c tro d e s  were o b ta in e d  from  E .G .L . Company, Newark, New 
J e r s e y .  Whenever l a s e r  r e p a i r s  were made, th e  l a s e r  reco v e red  i t s  o u t­
p u t s im i la r  to  th e  one shown in  F ig u re  5 .
C. T y p ic a l O p tic a l  A rrangem ents:
Two ty p es  o f  o p t i c a l  a rrangem en ts  w ere In v o lv ed  in  t h i s  work, 
a s  shown in  F ig u re s  7 and 8 . The d i f f e r e n c e  betw een th e  two was t h a t  in  
a rrangem en t A, F ig u re  7 , th e  l a s e r  beam was m e ch a n ic a lly  chopped, w h ile  
t o t a l  em iss io n  from  th e  c e l l  was chopped in  a rrangem ent B, F ig u re  8 .
S in ce  th e  Beckman IR -10 sp ec tro p h o to m e te r r e q u ire d  s e v e ra l  
m o d if ic a t io n s  to  o p e ra te  in  th e  form er mode, m ost o f  th e  experim ents 
w ere perform ed u s in g  o p t i c a l  a rrangem ent B. When th e  a rrangem ent B 
r a t h e r  th an  th e  o th e r  arrangem ent was u sed , a s t ro n g e r  s ig n a l  was ob­
s e r v e d . P rev io u s  work has shown th a t  th e rm al r a d ia t io n  was v e ry  con-
5 2s t a n t  and i t  was abou t 40 p e rc e n t o f  t o t a l  s ig n a ls  o b se rv ed . T here­
f o r e ,  i t  was th o u g h t th a t  th e  arrangem ent B gave a good measurem ent o f  





F ig u re  7.
O p tic a l  A rrangem ent A.
1. P e rk in -E lm er L a se r 2 . Chopper
3 . F lu o re sc en c e  C e l l  4 . Monochrome to r  and D e te c to r
5 . A m p lif ie r  6 . R ecorder
Chopper was p laced  betw een l a s e r  and c e l l .  L aser and hence the  
f lu o re s c e n c e  were b o th  chopped. Therm al r a d i a t i o n  was co n tin u o u s  .and n o t 
chopped .
F ig u re  8 .
O p tic a l  A rrangem ent B.
1. P e rk in -E lm er L a se r 2 . Chopper
3 . F lu o re sc en c e  C e l l  4 . Mono chrome to r  and D e te c to r
5 . A m p lif ie r  6 . R eco rd er
Chopper was p laced  betw een  th e  f lu o re s c e n c e  c e l l  and th e
m onochrom etor. T h is  r e s u l te d  in  th e  t o t a l  s i g n a l ,  both f lu o re s c e n c e  
and th e rm a l r a d i a t i o n ,  being  m o d u la ted .
D. C o n tro l o f  Thermal E m ission :
F or m ost o f  th e  ex p erim en ts  conducted  in  th i s  s tu d y , th e  t o t a l  
s ig n a l  from a c e l l  was m odu la ted . I t  was th o u g h t th a t  th e  observed  
s p e c t r a  under th e se  c o n d itio n s  would be in f r a r e d  f lu o re sc e n c e  a s  w e ll 
as th e rm a l e m iss io n . T h is th e rm a l em issio n  i s  a source o f  e r r o r .  Thus, 
s e v e r a l  s te p s  were ta k en  to  keep th e  c e l l  and hence  the  g a se s  i t  c o n ta in e d  
c o o l d u r in g  normal o p e ra tin g  c o n d i t io n s .  The window m a te r ia l  used 
in  th e  gas c e l l  was I r t r a n - 2 .  I r t r a n - 2  abso rb ed  app ro x im ate ly  30 p e r ­
c e n t  o f  in c id e n t  10 .6  m icron r a d i a t i o n ,  F ig u re  9 , and th u s  became a 
so u rc e  o f  h e a t f o r  th e  c e l l  w a l l s .  In  o rd e r to  p rev en t th e  c e l l  from 
becoming h o t ,  an  a i r  s tream  was d i r e c te d  on to  th e  window d u r in g  la s in g
o p e ra t io n .  T h is c o o lin g  method s u c c e s s fu l ly  p re v e n ted  th e rm a l em issio n
la
o f  th e  sam ple when r e l a t i v e l y  h ig h  c o n c e n tra tio n s  were s tu d ie d .  At 
low er sam ple c o n c e n tra t io n s ,  h ig h e r  in s tru m en t s e n s i t i v i t y  was re q u ire d , 
th u s  m axim izing th e  e f f e c t  o f  weak th e rm al e m is s io n s . Under th e s e  
c o n d i t io n s ,  th e  a i r  c o o lin g  m ethod was found to  be in a d e q u a te , and a 
more e f f e c t iv e  c o o lin g  system  was re q u ire d .
In  an experim en t to  d e te rm in e  the  m agn itude  o f  th e rm a l 
e m is s io n , a sm all g la s s  c e l l ,  F ig u re  1, was f i l l e d  w ith  n i t r o g e n  and sub­
je c te d  to  l a s e r  r a d i a t i o n .  W ith th e  monochrom etor m o n ito rin g  8 .5  
m ic ro n s , a  th e rm al s ig n a l  was ob serv ed  which ro s e  to  an e q u il ib r iu m  
le v e l  w ith in  a few m in u te s . T h is  s ig n a l  d isa p p e a re d  w ith  a  co n tin u o u s 
n i t r o g e n  flow  th ro u g h  th e  c e l l  o r  w ith  th e  c e l l  w a ll o p p o s ite  th e  c e l l  
e x i t  window c o n ta c t  coo led  w ith  m o is t pap er. The tem p era tu re  o f  a 
c e l l  f i l l e d  w ith  n i t r o g e n  and e x te r n a l ly  coo led  by m oist p a p e r  was 
m easured w ith  a c a l i b r a t e d  th e r m is te r .  The r e s u l t  o f  th i s  s tu d y  i s  
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F ig u re  9 .
A b so rp tio n  Spectrum  o f  I r t r a n - 2  Window.
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F ig u re  10.
C e l l  H eatin g  S tu d ie s .
The n i tro g e n  f i l l e d  and e x te r n a l ly  co o led  c e l l  was s u b je c te d  to  l a s e r  r a d ia t io n .  The tem p era tu re  in ­
s id e  th e  c e l l  was reco rd ed  v e rsu s  tim e .
3°C as  a  r e s u l t  o f  l a s e r  h e a t in g .
S e v e ra l  f a c to r s  in d ic a te d  th a t  th e  c e l l  w a ll  r a t h e r  th a n  th e  
g a se s  in  th e  c e l l  was c a u s in g  th e  observed  th e rm a l e m is s io n . Thermal 
e m iss io n  was n o t observed  when th e  c e l l  w a lls  were co o led  even though 
th e  tem p e ra tu re  o f  th e  g ases  w ith in  th e  c e l l  in c re a s e d . In  a d d i t io n ,  
th e  em iss io n  s ig n a l  d isa p p e a re d  im m ediate ly  when th e  c e l l  w a ll was co o led  
e f f i c i e n t l y .  In  an e f f o r t  to  reduce  th e rm a l em iss io n  s ig n a l s ,  a w a te r 
c o o led  c y l in d r i c a l  b ra s s  c e l l  was c o n s tru c te d ,  as shown in  F ig u re  1.
I n  c o n ju n c tio n  w ith  l im i t in g  to  a  minimum exposure  tim es o f  gases to  
th e  l a s e r  beam, t h i s  c e l l  worked q u ite  a d e q u a te ly  in  re d u c in g  th e rm al 
e m is s io n .
Two o p t i c a l  a rrangem en ts  were u se d ; A, one in  which th e  
l a s e r  beam was chopped, and in  th e  o th e r  a rran g em en t, B, th e  em issio n  
s ig n a l  was chopped. The fo rm er arrangem ent e lim in a te d  th e rm a lly  i n ­
duced  em iss io n . F lu o re sc en c e  s ig n a ls  e x h ib i te d  a v e ry  s h o r t  l i f e t im e  
and th u s  would have th e  d e s i r e d  in te r m i t t e n t  n a tu re ,  w hereas the  
i n t e n s i t y  o f  th e  th e rm a l r a d i a t i o n  was n o t changed by th e  f a i r l y  r a p id  
chopp ing  r a t e  and would th u s  em it an u n re g is te r e d  DC s ig n a l .  In  th e  
l a t t e r  a rran g em en t, th e  t o t a l  s ig n a l  from th e  c e l l  was chopped and bo th  
f lu o re s c e n c e  and th e rm a l e m iss io n  were d e te c te d .  D i f f e r e n t i a t io n  betw een 
th e  two s ig n a l s  was d i f f i c u l t .  A f te r  m o n ito r in g  t o t a l  s ig n a ls  a t  a 
p a r t i c u l a r  w av elen g th , th e  l a s e r  beam was b lo ck ed . The background ta k e n  
im m edia te ly  a f t e r  b lo ck in g  th e  l a s e r  beam re p re s e n ts  th e rm a l em iss io n , 
w hich when s u b tr a c te d  from th e  t o t a l  s ig n a l  gave f lu o re s c e n c e . T h is 
te c h n iq u e  co u ld  n o t be used  when th e  s p e c t r a l  re g io n  was scanned . When­
e v e r  p o s s ib le ,  scan n in g  exp erim en ts  were perform ed w ith  th e  form er 
o p t i c a l  a rran g em en t.
E . IR D e te c to r s :
T h e re  w ere t h r e e  ty p e s  o f  d e t e c t o r s  u sed  i n  th e s e  s t u d i e s ,  th e  
Beckman Therm ocouple d e t e c t o r ,  th e  B arn es  E n g in e e r in g  T .G .S , P y ro ­
e l e c t r i c  d e t e c t o r  and th e  O p to e le c t r o n ic  M ercu ry -C ad m iu m -T ellu rid e  
C ry o g en ic  d e t e c t o r .  A c c o rd in g  to  th e  s p e c i f i c a t i o n s ,  th e  re sp o n se  tim e  
o f  th e  c ry o g e n ic  d e t e c t o r  was 0 .2 5  to  1 m ic ro se c o n d , t h a t  o f  th e  T .G .S . 
d e t e c to r  was 1 to  5 m i l l i s e c o n d s ,  and t h a t  o f  th e  th e rm o co u p le  d e t e c t o r  
was lo n g e r  th a n  th a t  o f  th e  T .G .S . d e t e c t o r .  F ig u re  11 shows th e  
o s c i l lo s c o p e  t r a c e s  o f  t h e  l a s e r  p r o f i l e s  o b ta in e d  w i th  th e  th r e e  d e ­
t e c t o r s  m ounted  on th e  M cPherson m o nochrom eto r. The l a s e r  beam was 
f i r s t  fo c u s e d  o n to  a c h o p p e r  b la d e  and m o d u la ted  a t  13 H z. T h is  m o d u la te d  
l a s e r  beam was th e n  r e f l e c t e d  by a convex  m ir r o r  and  a  p o r t i o n  o f  th e  beam 
was d i r e c t e d  i n to  th e  M cP herson  m onochrom etor o b se rv ed  a t  10 .6  m ic ro n s .
The d e t e c t o r  o u tp u t was a m p l i f ie d  by th e  PAR a m p l i f i e r  and  d is p la y e d  on 
th e  o s c i l l o s c o p e .  The sco p e  was t r i g g e r e d  by th e  c h o p p e r  and scope 
im ages w ere  p h o to g rap h ed  w i th  a  P o la r o id  cam era . The f i g u r e  i n d i c a t e s  
th e  s lo w n ess  th e  th e rm o c o u p le  d e te c to r  and  th e  speed  o f  th e  c ry o g e n ic  
d e t e c t o r .  The P e rk in -E lm e r  l a s e r  was o p e r a te d  by A .C . pow er, and th e  
c ry o g e n ic  d e t e c t o r  c l e a r l y  o b se rv ed  t h i s  120 Hz A .C . m o d u la tio n  on th e  
l a s e r  p r o f i l e .
The d e t e c t i v i t y ,  D*, o f  th e  c ry o g e n ic  d e t e c t o r  was found t o  be 
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2 .3  x  10 and th a t  o f  t h e  T .G .S . d e t e c t o r  was found  to  be 8 .1  x 10®.
The th e rm o c o u p le  d e t e c to r  had  a  low er d e t e c t i v i t y  th a n  th e  T .G .S . d e ­
t e c t o r .  D e te c to r  re s p o n se  h ow ever, dep en d s upon s e v e r a l  f a c t o r s ,  i n ­
c lu d in g  d e t e c t o r  a re a  a s  shown below ;
D* «= (S/N PQ) x ( i f / A ) ^   Eq. 1
2
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F ig u re  11.
D e te c to r  R esponses.
The 10 .6  m icron  r a d ia t io n  o f  P erk in -E lm er l a s e r  was m odula ted  
a t  13 Hz and d is p la y e d  on o s c i l lo s c o p e  u s in g  th re e  IR d e te c to r s :  
therm ocoup le , T .G .S . p y r o e le c t r ic  and c ry o g en ic  d e te c to r s .
S/N “  s ig n a l  to  n o is e  r a t i o
af  ■ bandw idth o f  th e  a m p l i f ie r  in  Hz
2
A * a re a  o f  th e  d e te c to r  in  cm
-7 2The a re a s  o f  th e  d e te c to r s  w ere 4 .9  x 10 cm f o r  th e  c ry o g en ic  d e te c to r ,  
4 .0  x  10“ 2  cm2  f o r  th e  T .G .S . d e te c to r ,  and 6 .0  x 10"** cm2  f o r  th e  
therm ocouple  d e te c to r .  T h e re fo re , even though th e  c ry o g en ic  d e te c to r  
has a  g r e a te r  d e t e c t i v i t y ,  th e  T .G .S . d e te c to r ,  w ith  i t s  l a r g e r  a r e a ,  
i s  more s e n s i t i v e .  As a  r e s u l t ,  th e  T .G .S . d e te c to r  gave a  l a r g e r  S/N 
v a lu e  f o r  th e  same in f r a r e d  f lu x .  D e sp ite  th e  low s e n s i t i v i t y  o f  th e  
therm ocouple  d e te c to r ,  i t  was u sed  in  much o f  th e  e a r ly  r e s e a rc h  due to  
i t s  a v a i l a b i l i t y .
F . S t a b i l i t y  o f  E th y len e  F lu o re sc e n c e  a t  10 .6  M icrons:
E th y len e  has been found to  r e a c t  w ith  oxygen u n d er in f lu e n c e
36o f  10 .6  m icron  CO2  l a s e r  r a d i a t i o n .  T h is  and o th e r  f a c to r s  cou ld  
cau se  a  change in  e th y le n e  f lu o re s c e n c e  w ith  tim e , thus making i n t e r ­
p r e t a t i o n  o f  d a ta  d i f f i c u l t .  To t e s t  t h i s  p o s s i b i l i t y  o v e r a th r e e -  
h o u r p e r io d  o f  c o n s ta n t  l a s e r  r a d i a t i o n ,  ex p erim en ts  w ere conducted  
w ith  a tm ospheres in  th e  c e l l  o f  n i t r o g e n ,  a i r  a t  a tm o sp h eric  and a t  low 
p re s s u re  (MD.5 t o r r ) .
The n i t r o g e n  f i l l e d  c e l l  was p re p a red  by flow ing  n i t r o g e n  
th ro u g h  a c t iv a te d  c h a rc o a l to  remove im p u r i t ie s  and th en  th ro u g h  th e  
w a te r  c o o led  c e l l  f o r  te n  m in u tes  to  e n su re  com plete  f lu s h in g .  The c e l l  
was th e n  s e a le d  and e th y le n e  in je c te d  w ith  a  s y r in g e  to  g iv e  a  0.4% 
e th y le n e  c o n c e n tra t io n  w ith in  th e  c e l l .  The a i r  f i l l e d  c e l l  was p re ­
pared  in  th e  same m anner. F o r th e  vacuum system , th e  c e l l  was e v a c u a te d , 
f lu sh e d  w ith  e th y le n e ,  and th e n  re -e v a c u a te d  f o r  10 m in u te s . A f te r
e v a c u a tio n , e th y le n e  was in tro d u c e d  to  a  p re s s u re  o f 3  t o r r .
Two m inu tes a f t e r  e th y le n e  was in j e c te d  in to  th e  c e l l ,  th e  
f i r s t  m easurem ent ( I f g )  1 0 . 6  m icron  e th y le n e  f lu o re sc e n c e  was made u s in g  
th e  o p t i c a l  arrangem ent B, F ig u re  8 . Subsequent f lu o re sc e n c e  m easure­
m ents ( I f t ) w ere made e v e ry  15 m in u tes  f o r  a th re e -h o u r  p e r io d .  The 
r a t i o s  o f  th e  f lu o re s c e n c e  i n t e n s i t i e s  ) were c a lc u la te d .  They
a re  summarized in  T ab le  I .  The r e s u l t s  in d ic a te d  th a t  no in c r e a s e s ,  
no r d e c r e a s e s ,  o f  th e  f lu o re s c e n c e  i n t e n s i t y ,  w ith in  ex p e rim en ta l e r r o r ,  
o c cu rred  d u r in g  th e  p e r io d  in v e s t ig a te d .  T h is  s tu d y  a ls o  su g g es ted  
th a t  no m easu rab le  r e a c t io n  betw een e th y le n e  and oxygen o c cu rred  under 
th e se  c o n d i t io n s .
G. F lu o re sc e n c e  S p e c tra :
F lu o re sc e n c e  S p e c tra  o f  In d iv id u a l  Compounds:
I n t r o d u c t io n : I n f r a r e d  la s e r s  have been w id e ly  used as
an  e x c i t a t i o n  so u rce  to  s t im u la te  in f r a r e d  f lu o re s c e n c e  f o r  v a rio u s  
m o le c u le s .2 " 9 ,1 1 ,1 3 -2 9 ,4 3  5 8 ,6 1 ,7 9  p ro c e ss  Df  s t im u la t io n  i s  n o t
c l e a r ly  u n d e rs to o d  b u t i t  i s  f e l t  to  depend on th e  h igh  power d e n s ity  
and c o h e re n t  n a tu re  o f  th e  l a s e r  r a d ia t io n ,  among o th e r  p a ram ete rs .
U sing a  m odulated  P e rk in -E lm er l a s e r ,  f lu o re sc e n c e  s p e c tr a  
were o b se rv ed  f o r  e th y le n e ,  p ro p y le n e , 1 -b u te n e ,  e th y l  a c e t a t e ,  a c e -  
ta ld e h y d e , e th y l  e t h e r ,  m ethy l a lc o h o l  and e t h y l  a lc o h o l .
Fflpgytflie n t a l  P ro c e d u re : The sm a ll g la s s  f lu o re s c e n c e  c e l l
F ig u re  1 , was e v a c u a te d , f lu sh e d  w ith  each sam p le , and ev acu a ted  ag a in  
f o r  5 m in u te s . Each sam ple was th e n  In tro d u ce d  in to  th e  c e l l  w ith  a 
g a s - t ig h t  s y r in g e  o r  a  l iq u id  m ic r o l i t e r  s y r in g e  to  g iv e  a  sam ple p re s -  ; 
s u re  a d e q u a te  f o r  o b ta in in g  good f lu o re sc e n c e  s p e c t r a .  A f te r  a llo w in g
TABLE I
STABILITY OF ETHYLENE FLUORESCENCE AT 10 .6  MICRONS
(E th y len e  c o n c e n tra t io n -  0.4% by volume o r  3 to r r )
Time, t
w t 0  t t * 0  t t
(min) N2  C e l l A ir  C e l l Vac. C e l l
0 1  h 1 1
15 1 . 0  +  0 . 1  D 1 . 1  ±  0 . 2 1 . 0  ±  0 . 1
30 1 . 0  ±  0 . 1 1 . 0  ±  0 . 2 1 . 0  ±  0 . 1
45 1 . 0  +  0 . 1 1 . 0  ±  0 . 2 1 . 0  ±  0 . 1
60 1 . 0  ±  0 . 1 1 .0  ±  0 .3 1 . 0  ±  0 . 1
75 1 . 0  ±  0 . 1 1 . 0  ±  0 . 2 1 . 1  ±  0 . 1
90 1 . 0  ±  0 . 1 1 . 1  ±  0 . 2 1 . 1  ±  0 . 1
105 1 . 0  ±  0 . 1 1 . 0  ±  0 . 2 1 . 0  ±  0 . 1
1 2 0 1 . 0  + O .l 1 . 0  ±  0 . 2 1 . 0  ±  0 . 1
135 1 . 0  ±  0 . 1 1 . 1  ±  0 . 2 1 . 0  ±  0 . 1
150 1 . 0  ± 0 . 1 1 . 0  ±  0 . 2 1 . 0  ±  0 . 1
165 1 . 0  ±  0 . 1 1 . 0  ±  0 . 2 1 . 1  +  0 . 1
180 1 . 0  ±  0 . 1 1 . 0  ±  0 . 2 1 . 0  ±  0 . 1
a l£ ^  and I f  a re  i n t e n s i t i e s  o f  e th y le n e  f lu o re s c e n c e  a t  tim e zero  and t ,  
r e s p e c t iv e ly
E rro r  i s  th e  s tan d a rd  d e v ia t io n  o f  a t  l e a s t  f iv e  m easurem ents.
th e  sam ple gas to  become homogeneous, th e  l a s e r  beam was d i r e c te d  in to  
the  c e l l .  F lu o rescen ce  s p e c tra  from 5 to  14 m icrons were reco rd ed  f o r  
each compound, u s in g  th e  IR-10 and p h ase-locked  PAR a m p li f ie r .  These 
s p e c tra  were o b ta in e d  u s in g  o p t i c a l  arrangem ent A, F ig u re  7. The co u p lin g  
o f  th e  PAR a m p lif ie r  and th e  Beckman IR-10 have been a lre a d y  d e sc r ib e d .
R e su lts  and D is c u s s io n : The f lu o re sc e n c e  s p e c tra  o b ta in ed
du rin g  th e  in v e s t ig a t io n  fo r  e th y le n e , p ro p y len e , 1 -b u te n e , e th y l  a c e ­
t a t e ,  a c e ta ld e h y d e , e th y l  e th e r ,  m ethyl a lc o h o l and e th y l  a lc o h o l a re  
shown in  F ig u res  12 th rough  19. The vapor p re s s u re s  and r e l a t i v e  in ­
s tru m e n ta l s e n s i t i v i t y  s e t t in g s  a re  summarized in  T ab le  I I .  The sen ­
s i t i v i t y  v a lu es  were used  to  compare s p e c t r a l  i n t e n s i t i e s .
A l l  compounds e x h ib ite d  s tro n g  in f r a r e d  f lu o re s c e n c e . I t  
Bhould be n o ted  th a t  a l l  o f  th e se  compounds, ex cep t m ethyl a lc o h o l and 
e th y l  a lc o h o l ,  s tro n g ly  absorbed  la s e r  r a d ia t io n  a t  10.6 m ic ro n s . A l­
though m ethy l a lc o h o l and e th y l  a lc o h o l do n o t s t ro n g ly  absorb  1 0 . 6  
m icron l a s e r  r a d ia t io n ,  th ey  showed s tro n g  f lu o re s c e n c e .
I t  had been observed  th a t  th e  w avelength o f a l l  th e  f lu o r e s -
52cence bands o f ace to n e  corresponded  to  i t s  in f r a r e d  a b so rp tio n  bands.
In  th i s  in v e s t ig a t io n  i t  was a lso  observed  th a t  f lu o re sc e n c e  occu rred  
a t  th e  same w avelengths a t  which a b so rp tio n  by the  sample m o lecu les 
o c cu rred . A p p aren tly  t r a n s i t i o n  betw een th e  same energy s t a t e s  were 
in v o lv ed . I t  appeared  th a t  th e  s p e c t r a  were caused  by in f r a r e d  f l u o r ­
escence r a th e r  th an  Raman s c a t t e r in g ,  which in v o lv es  a w avelength 
s h i f t .
An in te r e s t in g  fe a tu re  o f  th e  observed  f lu o re sc e n c e  s p e c tra  
was th e  appearance o f  in f r a r e d  f lu o re sc e n c e  a t  s h o r te r  w av elen g th s , 
h ig h e r e n e rg y , th an  th e  e x c i t in g  l a s e r  r a d ia t io n .  The o ccu rren ce  o f
F igure 12.
F lu o r e sc e n c e  Spectrum o f  E th y le n e .
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WAVELENGTH (JU  )
F ig u r e  13.
F lu o rescen ce  Spectrum o f  P ro p y len e .
WAVELENGTH ( JU  )
F igu re  14.
F lu o r e sc e n c e  Spectrum o f  1 -B u ten e.
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WAVELENGTH ( j J i )
F ig u re  15.
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F ig u re  16.




WAVELENGTH ( fJL )
F ig u re  17.
F lu o r e sc e n c e  Spectrum  o f  E th y l E th e r .
45
WAVELENGTH ( J U  )
F ig u re  18.
F lu o r e sc e n c e  Spectrum  o f  M ethyl A lc o h o l .
F ig u re  19.
F lu o r escen ce  Spectrum  o f  E th y l A lc o h o l.
TABLE I I .
EXPERIMENTAL CONDITIONS USED FOR OBTAINING
SPECTRA
Compound Vapor p re s s u re  used  
( t o r r )
R e la t iv e  s e n s i t i v i t y  
o f  read  o u ta
E th y len e 38 2
P ropy lene 52 2
1-B utene 57 2
E th y l A c e ta te 72 1
A ceta ldehyde 85 1
E th y l E th e r 19 1
M ethyl A lcoho l 38 2
E th y l A lcoho l 1 0 2
aS p e c tra  o b ta in e d  a t  a r e l a t i v e  s e n s i t i v i t y  o f  two have o n e -h a lf  th e  
a m p l i f ic a t io n  o f th o se  o b ta in e d  a t  a r e l a t i v e  s e n s i t i v i t y  o f one. To 
compare s p e c t r a ,  m u l t ip l i c a t io n  by th e  a p p ro p r ia te  f a c to r  i s  n e c e s sa ry .
th e s e  h ig h e r  energy  bands was c o n s id e re d  to  In v o lv e  one o r more o f  th e  
fo llo w in g  e x c i t a t i o n  m echanism s. They a re  (1) h o t band a b s o rp t io n ,  
w hich i s  th e  a b s o r p t io n  th a t  th e rm a lly  e x c ite d  m o lecu les  ab so rb  an  energy 
and a re  f u r th e r  e x c i te d  to  a h ig h e r  s t a t e ,  ( 2 ) m u lti-p h o to n  a b s o rp t io n ,
(3 ) c o l l i s i o n a l  e x c i t a t i o n ,  (4 ) th e rm a l e x c i t a t i o n ,  and (5) non-quan - 
t i t i z e d  in t e r a c t io n .
26B ates  dem o n stra ted  h o t band a b so rp tio n  in  h i s  ex p erim en t in
w hich n i t r o u s  o x id e  was e x c i te d  by 10.65 m icron ^ 0  l a s e r  r a d i a t i o n  w ith
4 .5  m icron  f lu o re s c e n c e  b e in g  o b se rv ed . An e x c i te d  s t a t e  o f  n i t r o u s
o x id e  l i e s  1285 cm"* (7 .8  m icrons) above th e  ground s t a t e  and i s  th e rm a lly
p o p u la te d  a t  room te m p e ra tu re . The 10.65 m icron l a s e r  r a d ia t io n  th e n
e x c i te d  th e  n i t r o u s  o x id e  m o lecu les from  th i s  s t a t e  to  a  f u r th e r  e x c i te d  
-1
s t a t e  a t  2224 cm (4 .5  m ic ro n s ) . The t r a n s i t i o n  from  th e  l a t t e r  s t a t e
to  th e  ground s t a t e  was observed  as 4 .5  m icron f lu o re s c e n c e . T h is
n i t r o u s  o x id e  h o t  band a b s o rp tio n  i s  th e  re v e rse  p ro c e ss  o f  a  n i t r o u s
80o x id e  la s in g  p ro c e s s .  S im ila r  h o t band a b s o rp tio n  has been observ ed
61in  ca rb o n  d io x id e  f lu o re s c e n c e  a t  4 .3  m ic ro n s .
A p o s s ib le  h o t band a b o s rp t io n  phenomenon h a s  been  p o s tu la te d
51
in  l a s e r  induced  a c e to n e  f lu o re s c e n c e . The h o t band a b so rp tio n  
mechanism h as  n o t y e t  been  w e ll docum ented, bu t th e  mechanism i s  b e ­
l ie v e d  to  be re s p o n s ib le  f o r  th e  f lu o re s c e n c e  o f  c e r t a i n  m o le c u le s .
V ib ra t io n a l  energ y  le v e l  diagram s r e v e a l  th a t  a h o t band a b s o rp t io n
81 2  64c o u ld  o ccu r f o r  a c e to n e , e th y le n e , m ethy l f l u o r i d e ,  and s u l f u r
28 1 a
h e x a f lu o r id e  f lu o re s c e n c e s  w ith  a 1 0 . 6  m icron l a s e r  and f o r  ozone
flu o re s c e n c e  w ith  a  9 .5  m icron  l a s e r .
M u lti-p h o to n  a b so rp tio n  i s  a n o th e r  p o s s i b i l i t y  g iv in g  r i s e  to
th e  o b s e rv a tio n  o f  th e  f lu o re sc e n c e  a t  a  w avelength  s h o r te r  th an  th e
e x c i t in g  l a s e r  w av e len g th . The phenomenon o f doub le  pho ton  a b s o rp t io n
83 84and even  t r i p l e  photon  a b so rp tio n  h as  been d em o n stra ted . * M olecu les 
in  th e  ground s t a t e  ab so rb  a p h o to n  o f energy  from la s e r  and become 
e x c i t e d  to  h ig h e r  v ib r a t io n a l  s t a t e s .  They th en  ab so rb  a  second photon  
from  th e  la s e r  r a d ia t io n  and become fu r th e r  e x c i te d .  By t h i s  m eans, 
en erg y  le v e ls  w e l l  above th e  ground  s t a t e  can be p o p u la te d . The energy  
i s  th e n  d is p e rse d  by in tr a m o le c u la r  v ib r a t i o n a l - v ib r a t i o n a l  t r a n s f e r  
g iv in g  s t a t e s  w hich may e v e n tu a l ly  f lu o re s c e n c e . The p ro c e ss  o f  m u l t i ­
p h o to n  a b so rp tio n  i s  p o s s ib le  o n ly  when th e  energy  d i f f e r e n c e s  betw een
u p p e r e x c ite d  s t a t e s  a re  eq u a l o r  n e a r ly  e q u a l to  th e  energ y  o f  a  l a s e r
2
p h o to n . V ib ra t io n a l  energy le v e l  d iagram s o f  e th y le n e  and m ethy l 
64f lu o r id e  su g g es t t h a t  m u lti-p h o to n  a b so rp tio n  cou ld  o ccu r in  th e se  
m o lecu les  w ith  a  1 0 . 6  m icron l a s e r .
A th i r d  mechanism to  be co n s id e re d  i s  c o l l i s i o n a l  e x c i t a t io n  
o r  in te rm o le c u la r  v ib r a t io n a l  en erg y  t r a n s f e r .  In  t h i s  p ro c e s s , two 
v l b r a t i o n a l ly  e x c i te d  m olecu les c o l l i d e  and one o f  them t r a n s f e r s  i t s  
v i b r a t i o n a l  energy  to  th e  o th e r ,  c au s in g  th e  l a t t e r  to  reach  a  h ig h e r  
v ib r a t i o n a l  l e v e l .  T hus, i t  i s  p o s s ib le  by in te rm o le c u la r  v ib r a t io n a l  
en e rg y  t r a n s f e r  to  p o p u la te  energy  le v e ls  h ig h e r  th a n  th e  pumped s t a t e .  
Such a  p ro ce ss  can  be re p re se n te d  a s  fo l lo w s :
A — ^  a b so rp tio n  o f  a l a s e r  energy
A* + A *  > A** +  A t r a n s f e r  o f  energy  by c o l l i s i o n
A **------ » A +  h i ' f lu o re sc e n c e
Yuan h as  p o s tu la te d  an  energy t r a n s f e r  scheme, s im i la r  to  t h a t  above,
O
to  e x p la in  th e  e th y le n e  f lu o re s c e n c e s  observed  a t  3 and 3 m ic ro n s .
The scheme has n o t been w e ll docum ented.
Thermal e x c i t a t io n  due to  h e a tin g  o f  th e  gas sam ple i s  a 
p o s s ib le  source f o r  th e  f lu o re sc e n c e  s ig n a ls  o b serv ed . Under th e
e x p e r im e n ta l c o n d i t io n s  i n  w hich th e  in c id e n t  l a s e r  beam was m o d u la ted , 
o n ly  e m is s io n  w ith  th e  same m o d u la tio n  freq u en cy  a s  th e  m odu la ted  l a s e r  
beam would be d e te c te d .  Therm al r a d i a t i o n  would be r a t h e r  c o n tin u o u s  a t  
th e  m o d u la tio n  freq u e n cy  and i t  would em it an u n d e te c te d  D.C. s ig n a l .  
T h e re fo re , th e rm a l e m is s io n  sh o u ld  n o t have c o n t r ib u te d  to  th e  o b se rv ed  
f lu o re s c e n c e  s p e c t r a .
Even though  c a r e  was ta k e n  to  av o id  d i r e c t  h e a t in g  o f  th e  gas 
sam ple by l a s e r  r a d i a t i o n ,  a b s o r p t io n  o f  th e  h ig h  i n t e n s i t y  c o h e re n t 
l a s e r  r a d i a t i o n  m ig h t have  r a i s e d  th e  v i b r a t i o n a l  te m p e ra tu re  o f  m ole­
c u le s  w i th in  th e  l a s e r  beam. T h is  phenomenon would r e s u l t  in  an in c re a s e d  
p o p u la t io n  o f  m o lecu le s  in  h ig h  energy  s t a t e s ,  and would p roduce  th e  ob ­
serv ed  f lu o re s c e n c e  a t  s h o r t e r  w av elen g th s  th a n  th e  pumping s t a t e .  In  
t h i s  s e n s e , t h i s  p ro c e s s  m igh t be b e t t e r  term ed " th e rm a lly  a s s i s t e d  
f lu o r e s c e n c e ."
F i n a l l y ,  i t  h a s  been  o b serv ed  th a t  m o lecu le s  w hich a re  n o t
52good a b so rb e rs  o f  th e  in c id e n t  l a s e r  r a d ia t io n  a ls o  f lu o r e s c e .  L a se r
r a d ia t io n  i s  c o h e re n t and sh o u ld  produce a c o h e re n t e le c tro -m a g n e t ic
f i e l d .  By a n o n -q u a n t i t iz e d  i n t e r a c t i o n ,  t h i s  e le c tro - m a g n e t ic  f i e l d
66 ,67
can in f lu e n c e  th e  d ip o le s  o f  m o le c u le s , c a u s in g  th e  m o lecu le s  to
v ib r a t e .  In  a r e c e n t  s tu d y  o f  l a s e r  induced  ozone f lu o r e s c e n c e ,  i t  was 
found t h a t  a sm a ll change in  th e  e x c i t a t i o n  w av elen g th  g r e a t ly  in f lu e n c e d  
th e  i n t e n s i t y  o f  ozone f l u o r e s c e n c e .^  A f iv e - f o l d  d e c re a se  in  f l u o r ­
escen ce  o c c u rre d  w ith  a  change in  e x c i t a t io n  w av eleng th  from 9 .52  
m icrons to  9 ,5 8  m ic ro n s , even  though th e  l a s e r  power was th e  same a t  
both  w a v e le n g th s . The sm a ll change in  w aveleng th  r e s u l t e d  in  a la r g e  
change in  th e  a b s o r p t iv i t y  o f  th e  Laser r a d ia t io n  by o zo n e . I t  was 
o bserved  th a t  th e r e  was a d i r e c t  c o r r e l a t i o n  betw een a b s o r p t iv i ty
and f lu o re s c e n c e . As a  r e s u l t  o f  t h i s  s tu d y , i t  was f e l t  th a t  th e  non- 
q u a n t i t i z e d  in te r a c t io n  betw een m o le c u la r  d ip o le s  and th e  c o h e ren t f i e l d  
was n o t th e  m ajor mechanism o f  e x c i t a t i o n .  However, t h i s  mechanism i s  
s t i l l  a p o s s i b i l i t y  a t  h ig h  l a s e r  pow ers.
A nother p o in t  o f  i n t e r e s t  i n  t h i s  re s e a rc h  was th e  s tu d y  o f  th e  
l i f e t im e  o f  e x c ite d  m o le c u le s . The tim e la g  between e x c i t a t i o n  and 
f lu o re s c e n c e  in  m odulated system s g iv e s  r i s e  a phase s h i f t  between th e  
two p ro c e s s e s . This i s  i l l u s t r a t e d  in  F ig u re  20. I t  can  be seen  th a t  
th e  f lu o r e s c e n t  r a d ia t io n  fo llo w s th e  same p e r io d ic i ty ,  b u t th a t  i t  i s  
d e lay ed  in  phase w ith  r e s p e c t  to  th e  e x c i t in g  l i g h t .  I n  th e  p re s e n t 
e x p e r im e n t, th e  phase s h i f t s  w ere a d ju s te d  u s in g  th e  phase  c o n tro l  on 
th e  FAR a m p lif ie r  to  g iv e  th e  s t r o n g e s t  f lu o re sc e n c e  s i g n a l .  I t  was 
found th a t  th e  phase s h i f t s  f o r  a l l  th e  compounds te s te d  w ere a p p ro x i­
m a te ly  90° ou t o f p h ase , su g g e s tin g  th a t  th e  f lu o re sc e n c e  l i f e t im e s  o f  
th e s e  m o lecu les  were v e ry  lo n g , i . e . , ap p ro x im a te ly  25 msec (n e a r ly  a 
q u a r te r  o f  th e  p e rio d  o f  th e  chopping  f re q u e n c y ) . T h is  c an  be c a lc u ­
la te d  a s  fo llo w s :
frequency  * 1 0  cps
o 1
p e r io d  = 3 6 0  » freq u en cy  = 1 0 0  ®sec
th u s ,
. . 1  phase s h i f tf lu o re sc e n c e  d e la y  = "" x *----- „ ,„o-----J frequency  360
= 25 msec
S e n s it iz e d  F lu o re sc en c e  S p e c tr a :
V ib ra tio n a l en erg y  t r a n s f e r  from e th y le n e  i s  a p o s s ib le  p ro ­
c e s s  c a u s in g  e x c i t a t io n  and f lu o re s c e n c e  o f  o th e r  m o lecu la r sp e c ie s  in  





t i m e  -------------- ».
F ig u re  20.
I l l u s t r a t i o n  o f  Phase S h i f t  
1 . E x c i ta t io n  R a d ia tio n  2 . F lu o re sc en c e  R a d ia tio n
T his i l l u s t r a t e s  th a t  when in te r m i t t e n t  r a d ia t io n  (1) cau ses  
f lu o re s c e n c e  o f  a s p e c ie s ,  th e  r e s u l t i n g  f lu o re sc e n c e  r a d ia t io n  ( 2 ) i s  
d e lay ed  b u t i t  fo llo w s th e  same p e r io d i c i t y .
a re  n o t good a b so rb e rs  o f  th e  1 0 . 6  m icron l a s e r  r a d ia t io n  w ere i r r a ­
d ia te d  in  th e  p re sen ce  o f  e th y le n e . This B ec tio n  c o n ta in s  th e  f lu o r e ­
scence  s p e c t r a  o b ta in e d  under th e s e  c o n d it io n s .  Somewhat q u a l i t a t i v e  
d a ta  a r e  p re s e n te d  h e re ,  a lth o u g h  q u a n t i t a t iv e  c o l l i s i o n a l  a c t i v a t io n  
d a ta  w i l l  be p re se n te d  and d is c u s s e d  l a t e r .
E x p e rim en ta l P ro c e d u re : W ith th e  equipm ent and th e  o p t i c a l
arrangem ent d e sc r ib e d  in  th e  p re v io u s  s e c t io n ,  an  a tte m p t wa3 made to  
o b ta in  s e n s i t i z e d  f lu o re s c e n c e  s p e c t r a  f o r  s u l f u r  d io x id e , a c e to n e , 
m ethane, ca rb o n  t e t r a c h l o r i d e ,  ch lo ro fo rm  and cy c lo h ex an e . A sm all 
g la s s  c e l l ,  F ig u re  1, was e v a c u a te d , f lu sh e d  w ith  e th y le n e , th e n  r e ­
ev acu a ted  f o r  5 m in u te s . F o llow ing  th e  e v a c u a tio n , e th y le n e  was i n t r o ­
duced in to  th e  c e l l  to  a p re s s u re  o f  78 t o r r ,  and i t s  f lu o re s c e n c e  sp ec ­
trum  was reco rd ed  f o r  th e  w aveleng th  re g io n  o f  i n t e r e s t .  The sam ple to  
be s tu d ie d  was th en  added and th e  f lu o re sc e n c e  spectrum  o f  th e  m ix tu re  
was re c o rd ed  o v er th e  same w aveleng th  re g io n . Sample c o n c e n tra t io n s  
w ere 9 t o r r  f o r  s u l f u r  d io x id e , 85 t o r r  f o r  a c e to n e , 19 t o r r  f o r  m ethane, 
22 t o r r '  f o r  carb o n  t e t r a c h l o r i d e ,  28 t o r r  fo r  ch lo ro fo rm  and 85 t o r r  
f o r  cy c lo h ex an e . I t  was d e s i r a b le  to  de term in e  w hether th e  sam ple would 
g iv e  a f lu o re sc e n c e  spectrum . To t h i s  end th e  c e l l  was e v a c u a te d , 
f lu sh e d  w ith  each  sam ple, re -e v a c u a te d , th en  f i l l e d  w ith  th e  pu re  sample 
to  th e  p re s s u re  in d ic a te d .  F lu o rescen ce  s p e c tr a  were re c o rd ed  o v e r th e  
w avelength  re g io n  o f  I n t e r e s t  and used  as a r e fe re n c e  f o r  th e  s e n s i t i z e d  
s p e c t r a .
R e s u l t s : The s e n s i t i z e d  f lu o re sc e n c e  s p e c tr a  o f  s u l f u r  d io x id e ,
a c e to n e , m ethane, carbon  t e t r a c h l o r id e ,  ch lo ro fo rm  and cy c lohexane  a re  
shown in  F ig u re s  21 th ro u g h  26 , r e s p e c t iv e ly .
S u lf u r  d io x id e  and ace to n e  s p e c tra  w ere reco rd ed  w ith  th e
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W AVELENGTH (j U  )
Solid Line:
Dotted Line:
F ig u re  21.
S e n s it iz e d  E f f e c t ,  S u lfu r  D io x id e . ‘
F lu o rescen ce  spectrum  of s u l f u r  d io x id e  and e th y le n e  m ix tu re . 
F lu o rescen ce  spectrum  o f e th v le n e .
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S o lid  L ine:




WAVELENGTH ( I L  )
F ig u re  22.
S e n s i t iz e d  E f f e c t ,  A cetone.
F lu o re sc en c e  spectrum  o f  ace to n e  and e th y le n e  m ix tu re . 
F lu o re sc en c e  spectrum  o f  e th y le n e .
6.5 7 8 9
WAVELENGTH ( y tf  )
S o l id  L in e:
D o tted  L in e:
F ig u re  23 .
S e n s i t iz e d  E f f e c t ,  M ethane.
F lu o re sc e n c e  sp ec tru m  o f  m ethane and e th y le n e  m ix tu r e .  
F lu o re sc e n c e  spec trum  o f  e th y le n e .
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WAVELENGTH ( JUL )
F ig u re  24.
S e n s i t iz e d  E f f e c t ,  Carbon T e tra c h lo r id e .
T h is  i s  f lu o re sc e n c e  spectrum  o f  carbon t e t r a c h l o r id e  and 
e th y le n e  m ix tu re .
m ix tu re .
11 13 15
WAVELENGTH {JU )
F ig u re  25.
S e n s i t iz e d  E f f e c t ,  C hloroform .






WAVELENGTH ( J U  )
S o l id  L in e :
D o tted  L in e:
F ig u re  26 .
S e n s i t i z e d  E f f e c t ,  C y clo h ex an e .
F lu o re s c e n c e  sp ec tru m  o f  cy c lo h e x a n e  and e th y le n e  m ix tu re . 
F lu o re s c e n c e  sp ec tru m  o f  e th y le n e .
same In s tru m e n ta l  a m p l i f ic a t io n ,  and th e re fo re  t h e i r  f lu o re s c e n c e  in ­
t e n s i t i e s ,  I j ,  can  be compared d i r e c t l y .  For th e  o th e r  compounds, a n : 
in s tru m e n ta l  a m p lif ic a t io n  o f  fo u r  was used r e l a t i v e  to  t h a t  used fo r  
s u l f u r  d io x id e  and a c e to n e . To compare f lu o re sc e n c e  i n t e n s i t i e s  o f a l l  
compounds s tu d ie d ,  th e  a r b i t r a r y  s c a le  numbers o f  s u l f u r  d io x id e  and 
ace to n e  m ust be m u lt ip l ie d  by fo u r .
P r io r  to  o b ta in in g  s p e c t r a ,  th e  phase s h i f t  was a d ju s te d  to  
g iv e  maximum f lu o re s c e n c e  i n t e n s i t y .  In  a l l  c a s e s ,  th e  phase s h i f t s  
w ere found to  be 90° o u t o f  phase w ith  th e  e x c i t a t i o n .
S u l f u r  D io x id e : The s e n s i t i z e d  s u l f u r  d io x id e  spectrum  was
o b ta in e d  from  6 .5  m icrons to  12 m ic ro n s . S u lfu r  d io x id e  d id  n o t abosrb  
th e  1 0 . 6  m icron  CO2  l a s e r  r a d i a t i o n ,  and by i t s e l f  d id  n o t show any 
d e te c ta b le  f lu o re s c e n c e . When s u l f u r  d io x id e  was added to  a  c e l l  con­
ta in in g  e th y le n e ,  s tro n g  f lu o re s c e n c e  from th e  s u l f u r  d io x id e  was ob­
se rv ed  a t  7 .3  m ic ro n s . The f lu o re s c e n c e  spectrum  f o r  e th y le n e  i s  a ls o  
shown in  F ig u re  21. Com parison o f  th e  two s p e c tr a  i l l u s t r a t e s  a 
n o ta b le  d i f f e r e n c e ,  th e  w aveleng th  o f  th e  f lu o re s c e n c e  b an d s.
The f lu o re s c e n c e  s ig n a ls  o f  th e  gas m ix tu re  a t  7 .0  and 10.6 
m icrons w ere due to  e th y le n e ,  how ever, th e  quenching  o f e th y le n e  
f lu o re s c e n c e  a t  th e se  re g io n s  was c l e a r l y  seen . I t  was th o u g h t th a t  
e x c i te d  e th y le n e  m o lecu les  were c o l l i s i o n a l l y  d e a c t iv a te d  by s u l f u r  
d io x id e  m o le c u le s . On th e  o th e r  h an d , c o l l i s i o n a l  a c t i v a t io n  o f  s u l f u r  
d io x id e  was see n  n ear 7 .3  m icrons w here s tro n g  f lu o re s c e n c e  r e s u l t e d .
In  th e  a b s o rp t io n  spectrum  o f  s u l f u r  d io x id e , th e  8 .7  m icron  peak was 
w eaker th a n  t h a t  a t  7 .3  m ic ro n s . I t  h as  been n o ted  th a t  in  l a s e r  induced 
f lu o r e s c e n c e ,  th e  o rd e r  o f  observed  f lu o re s c e n c e  i n t e n s i t i e s  a t  d i f f e r e n t  
w aveleng ths i s  g e n e ra l ly  th e  same a s  t h a t  o f  th e  a b s o r p t iv i ty  a t  th e se
w av e len g th s . In  o th e r  w ords, th e  s t r o n g e r  th e  a b s o r p t iv i ty ,  th e  s t r o n g e r
th e  f lu o re s c e n c e . T h is t r e n d  was a ls o  observed  in  th e  case  o f  s u l f u r
d io x id e . A weak f lu o re s c e n c e  s ig n a l  a t  8 .7  m icrons m ight have been
s e lf -a b s o rb e d  by s u l f u r  d io x id e  m o lecu les  in  th e  ground s t a t e .  A l a t e r
q u a n t i t a t iv e  s tudy  o f th e  s e n s i t iz e d  s u l f u r  d io x id e  f lu o re sc e n c e  showed
a rem ark ab ly  in c re a se d  i n t e n s i t y  a t  8 .7  m ic ro n s , The la rg e  f lu o re s c e n c e
s ig n a ls  o b se rv ed  a t  7 .3  m icrons cou ld  r e s u l t  from th e  e f f ic ie n c y  o f  th e
energy t r a n s f e r  betw een e th y le n e  and s u l f u r  d io x id e  m o le c u le s . A r a p id
energy  t r a n s f e r  p ro cess  c a n  be ex p ec ted  to  ta k e  p la c e  when c o l l id in g
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m olecu les have a common s t a t e .  ’ ’ * E th y len e  has a  v ib r a t io n a l  s t a t e
a t  7 m icrons and s u l f u r  d io x id e  has one a t  7 .3  m ic ro n s . R o ta t io n a l  
s t a t e s  o f  th e  v ib r a t io n a l  s t a t e  e q u i l i b r a t e  r a p id ly .  T h e re fo re , i t  was 
p o s s ib le  t h a t  th e  7 m icron  band of e th y le n e  and th e  7 .3  m icron band o f  
s u l f u r  d io x id e  o v e r la p , a llo w in g  a re so n an ce  v ib r a t io n a l - v ib r a t i o n a l  
energy  t r a n s f e r  between th e  two m o le c u le s . I f  t h i s  o c c u rs , i t  i s  a l s o  
l ik e ly  t h a t  th e  7 .3 m icron  band o f s u l f u r  d io x id e  i s  p r e f e r e n t i a l ly  
pumped by e x c i te d  e th y le n e  m olecules le a v in g  8 .7  m icron  band le s s  
pumped.
A c e to n e : The s e n s i t iz e d  a c e to n e  spectrum  was o b ta in ed  from
5 m icrons to  12 m ic ro n s , F ig u re  22. A cetone  was n o t a s tro n g  a b so rb e r
o f  the  1 0 . 6  m icron  l a s e r  r a d ia t io n ,  and s tro n g  f lu o re s c e n c e  was no t
expec ted  from  ace to n e  a lo n e .  The s e n s i t i z e d  ace to n e  spectrum  was
b a s ic a l ly  th e  same as th e  spectrum  w hich was p re v io u s ly  re p o r te d  by
52C h r is t ia n  and Robinson, ex cep t fo r  th o s e  reg io n s  a t  5 .3  m icrons and 10 
m icrons w hich were th e  f lu o re s c e n c e s  due to  e th y le n e . The 5 .8  m icron  
and 8  m icron  band i n t e n s i t i e s  were c l e a r l y  enhanced upon th e  a d d i t io n  
o f  e th y le n e . A t the  same in s tru m e n ta l  s e n s i t i v i t y ,  f lu o re sc e n c e  was n o t
d e te c te d  when th e  c e l l  was f i l l e d  w ith  a c e to n e . However, w ith  th e  u se  
o f  h ig h e r  B igna l a m p l i f ic a t io n ,  ace to n e  f lu o re s c e n c e  was observed  w hich 
co rresp o n d ed  to  i t s  in f r a r e d  a c t iv e  fu n d am en ta ls . Resonance v ib r a t i o n a l -  
v ib r a t io n a l  energy  t r a n s f e r  betw een e th y le n e  and ace to n e  m o lecu les  can  
o c c u r , as  bo th  have in f r a r e d  a c t iv e  fundam entals  a t  7 m ic ro n s .
A t low p re s s u re s  o f  a c e to n e , f lu o re s c e n c e  o f  e th y le n e  was 
enhanced a t  1 0 .6  m ic ro n s . However a t  h ig h e r  a ce to n e  p re s s u re s  th e  
e th y le n e  f lu o re s c e n c e  a t  t h i s  w aveleng th  was quenched. These may be 
caused  by s e l f  r e v e r s a l  by ace to n e  o r  e th y le n e  o r  b o th .
M ethane: F ig u re  23 shows th e  s e n s i t i z e d  f lu o re s c e n c e  spectrum
f o r  m ethane and th e  f lu o re s c e n c e  spectrum  o f  p u re  e th y le n e  from 6 . 5
m icrons to  9 m ic ro n s . No d e te c ta b le  f lu o re s c e n c e  s ig n a ls  w ere observed
from m ethane a lo n e  in  th e  c e l l .  The d e a c t iv a t io n  o f  e x c ite d  e th y le n e
2 ,3 ,8 5
m olecu les by m ethane h a s  been  re p o r te d  to  be e f f i c i e n t .  However,
th e  observed  s e n s i t i z e d  m ethane f lu o re sc e n c e  was n o t as in te n s e  as  t h a t  
o f  s u l f u r  d io x id e  and a c e to n e . S e n s i t iz e d  m ethane f lu o re s c e n c e  was 
reco rd ed  a t  7 .7  m ic ro n s , and quenching o f th e  e th y le n e  f lu o re sc e n c e  was 
no ted  around 9 m ic ro n s .
Resonance v ib r a t io n a l - v ib r a t i o n a l  energy  t r a n s f e r  o ccu rred  
betw een e th y le n e  and m ethane m o lecu les as ev idenced  by th e  7 .0  m icron 
f lu o re s c e n c e , y e t  th e  m ethane f lu o re sc e n c e  was n o t a s  in te n s e  as th a t  
o f  s u l f u r  d io x id e  o r  a c e to n e . P o s s ib le  re a so n s  w ere th a t  th e  quantum 
e f f ic ie n c y  fo r  m ethane was n o t as  g re a t  as t h a t  o f  s u l f u r  d io x id e  o r 
a c e to n e , a n d /o r  th e  v ib r a t io n a l  energy  was d i s s ip a te d  to  t r a n s l a t i o n a l  
o r  r o t a t i o n a l  en erg y . Such a  p ro c e ss  i s  n o t unex p ec ted  due to  th e  
l ig h tn e s s  o f  th e  m ethane m o le c u le . W ith a d e c re a se  in  th e  reduced
mass o f  a c o l l i s i o n  p a i r ,  more e f f i c i e n t  v i b r a t i o n a l - t r a n s l a t i o n a l  energy  
86t r a n s f e r  r e s u l t s .  I f  th e  l a t t e r  p ro cess  d o m in a te s , m ethane f lu o re s c e n c e  
would be w eak, as l i t t l e  o f  th e  energy  would be t r a n s f e r e d  to  v ib r a t io n a l  
en e rg y .
Carbon T e tra c h lo r id e  and C h lo ro fo rm : No f lu o re s c e n c e  o f  carbon
te t r a c h l o r id e  was observed  fo r  th e  scanned re g io n  o f 1 1  to  14 m ic ro n s .
Weak f lu o re s c e n c e  a t t r i b u t e d  to  carbon  t e t r a c h l o r id e  was observed  upon 
th e  a d d i t io n  o f  e th y le n e  as  shown in  F ig u re  24. C hloroform  r e s u l t s  w ere 
v e ry  s im i la r  as  seen  in  F ig u re  25. In  both s p e c t r a ,  f lu o re sc e n c e  bands 
co rresp o n d ed  to  a b s o rp tio n  bands o f  th e  r e l a t i v e  compounds. In  a d d i t io n ,  
th e s e  s p e c t r a  c o n ta in ed  th e  1 0 . 6  m icron  band e th y le n e  f lu o re s c e n c e .
The i n t e n s i t i e s  o f  b o th  s e n s i t i z e d  f lu o re sc e n c e  s p e c t r a  w ere weak. T h is 
may have r e s u l t e d  from th e  f a c t  th a t  no ap p a ren t reso n an ce  energy  t r a n s ­
f e r  was p o s s ib le  betw een ca rb o n  t e t r a c h l o r id e  o r  ch lo ro fo rm  and e th y le n e .
C vclohexane: A weak s e n s i t i z e d  cyclohexane f lu o re s c e n c e  was
observed  around  6  m icrons, c o rre sp o n d in g  to  th e  a b s o rp tio n  peak o f  
cy c lo h ex an e . In  th e  s e n s i t i z e d  f lu o re sc e n c e  sp ec tru m , F ig u re  26, th e  
f lu o re s c e n c e  s ig n a l  a p p ea rin g  betw een 9 and 10 m icrons was p a r t  o f  
th e  e th y le n e  f lu o re s c e n c e  a t  10 .6  m ic ro n s . By com paring t h i s  to  th e  
pure  e th y le n e  sp ec tru m , i t  was seen  th a t  e th y le n e  f lu o re s c e n c e  was 
quenched by th e  a d d i t io n  o f  cy c lo h ex an e . Resonance energy  t r a n s f e r  
was p o s s ib le  betw een cyclohexane and e th y le n e  m o lecu les due to  t h e i r  
7 m icron  b an d s, y e t ,  th e  observed  8  m icron cyclohexane f lu o re sc e n c e  
was weak. I t  was p o s s ib le  t h a t  the  resonance  v ib r a t lo n a 1 - v ib r a t io n a l  
energy  t r a n s f e r  was no t e f f e c t i v e .
D is c u s s io n : T h is s tu d y  in d ic a te d  th a t  c o l l i s i o n a l  a c t i v a t io n  
o f  m o leau les  which do no t ab so rb  l a s e r  r a d ia t io n  by th o se  th a t  do ab so rb
l a s e r  r a d i a t i o n  I s  a g e n e r a l  phenomenon. T h is  c o u ld  be o f  im p o rtan ce  
i f  th e  l a s e r  f lu o r e s c e n c e  te c h n iq u e  i s  to  be u sed  a s  an  a i r  p o l lu t io n  
m o n ito r . Q uenching and d i r e c t  r a d i a t i v e  in te r f e r e n c e  c o u ld  r e s u l t  from  
t h i s  energ y  t r a n s f e r .  To f u r t h e r  u n d e rs ta n d  t h i s  p r o c e s s ,  s e v e r a l  
i n t e r f e r e n c e  p a ra m e te rs  a s  w e ll  a s  q u a n t i t a t i v e  a c t i v a t i o n  e f f e c t s  w ere 
in v e s t ig a te d  and w i l l  be d is c u s s e d  l a t e r .
H. D e a c t iv a t io n  and A c t iv a t io n  S tu d ie s :
I n t r o d u c t i o n : L a se r  induced  in f r a r e d  f lu o r e s c e n c e  h a s  been  p ro -
45posed  a s  a m o n ito r in g  m ethod o f  a i r  p o l l u t i o n .  To d a te  few a p p l ic a t io n s
have been  r e p o r te d  due to  la c k  o f  a n a l y t i c a l  d a ta  and in s t r u m e n ta t io n .
1 -3 ,5 -2 9 ,
P h y s ic a l  c h em ica l a p p l ic a t io n s  o f  th e  te c h n iq u e  have b een  r e p o r te d ,  
5 0 ,6 1 ,6 3 -6 5 ,6 9 ,7 9 ,8 7 -8 9
w ith  th e  number o f  s tu d ie s  r a p id ly  in c re a s in g
s in c e  1967.
B e fo re  th e  l a s e r  induced  in f r a r e d  f lu o re s c e n c e  te c h n iq u e  can  
be u sed  a s  a  m ethod o f  m o le c u la r  a n a l y s i s ,  a  s tu d y  o f  p o s s ib le  i n t e r ­
fe re n c e s  m ust be made. I t  i s  w e ll  known th a t  v i b r a t i o n a l l y  e x c i te d
m o lecu le s  t r a n s f e r  t h e i r  v i b r a t i o n a l  e n e r g ie s  to  o th e r  m o le c u le s  by 
8 6  90 91c o l l i s i o n ,  * * and t h a t  v i b r a t i o n a l - v i b r a t i o n a l  a n d /o r  v i b r a t i o n a l -
r o t a t i o n a l / t r a n s l a t i o n a l  en e rg y  t r a n s f e r s  can  o ccu r in te r m o le c u la r ly .  
C o l l i s i o n a l  d e a c t iv a t io n  o f  m o lecu les  in  e x c i te d  s t a t e s  c an  cau se  
quench ing  o f  th e  e x p ec te d  f lu o r e s c e n c e .  On th e  o th e r  h an d , when th e  
m o lecu le  o f  i n t e r e s t  g a in s  energ y  th ro u g h  c o l l i s i o n ,  an  in c re a s e d
f lu o re s c e n c e  s ig n a l  may r e s u l t .  C o l l i s i o n a l  d e a c t iv a t io n  s tu d ie s  o f
2—4 c fi—ft 9
l a s e r  f lu o re s c e n c e  have b een  made f o r  C2 H^, CH^, CH^F, CH3 C I,
CO, 1 0 ' 1 3  0 3 , 1 4 - 1 6  HF, 1 7 " 2 0  DF, 1 8  HC1, 2 1 " 2 3  DC1, 2 2 , 2 3  NO2 4 * 2 5  N2 0 , 2 6  
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OCS and SFg. ’ Few c o l l i s i o n a l  a c t i v a t i o n  s tu d ie s  have  been  
r e p o r t e d .7 »8»24 , 2 7 ,4 6 ,6 8 ,6 9 ,9 2 ,9 3  ^ g  a bove s tu d ie s  in v o lv e d  system s 
a t  v e ry  low p re s s u re s  r a t h e r  th a n  a t  a tm o sp h e ric  p re s s u re  e x c e p t
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R e f . 4 6 , and a l l  s tu d ie s  c o n s id e re d  th e  p ro cess  from a p h y s ic a l  chem ical 
v ie w p o in t e x c e p t R e fs . 4 and 46 .
The e a r ly  c o l l i s i o n a l  d e a c t iv a t io n  s tu d ie s  used m ethane, 
t r i a to m ic  m o lecu les  such as and d ia to m ic  m olecu les such  as Nj*
O2  and H2 , and r a r e  g ases  as a  c o l l i s i o n  p a r tn e r  f o r  th e  l a s e r  e x c i te d  
m o le c u le s . The re s e a rc h  o b je c t iv e  was to  u n d e rs tan d  th e  mechanism o f  th e  
en erg y  t r a n s f e r  betw een th e  two c o l l i d in g  m o le c u le s . The mechanism was 
deduced from  th e  d e a c t iv a t io n  r a t e ,  o b ta in e d  by o b se rv in g  th e  f lu o re s c e n c e  
decay  cu rv e  o f  th e  e x c i te d  m o le c u le s . C o l l i s io n a l  d e a c t iv a t io n  o f  ex ­
c i t e d  m o lecu les  can occu r v ia  v ib r a t i o n a l - v i a b r a t i o n a l  o r v ib r a t i o n a l -  
r o t a t i o n a l / t r a n s l a t i o n a l  energy  t r a n s f e r .  The f i r s t  p ro c e s s , v i b r a t i o n a l -  
v i b r a t i o n a l ,  i s  th a t  th e  v ib r a t io n a l  energy  o f  e x c i te d  m o lecu les is  
l o s t  in to  th e  v ib r a t i o n a l  energy  o f  c o l l id in g  m o lecu les as a r e s u l t  o f  
t h e i r  c o l l i s i o n .  The second p ro c e s s , v i b r a t i o n a l - r o t a t i o n a l / t r a n s l a t i o n ­
a l ,  i s  t h a t  th e  v i b r a t i o n a l  energy  o f  e x c ite d  m o lecu les  i s  t r a n s f e r e d  in to
c o l l i d in g  m o lecu les  as a  form o f  r o t a t i o n a l  o r  t r a n s l a t i o n a l  e n e rg y .
89I n  g e n e r a l ,  th e  two p ro c e sse s  have s im i la r  d e a c t iv a t io n  r a t e s  and a re
th u s  n o t s e p a ra b le .
When r a r e  gases a re  used  as c o l l i s i o n  p a r tn e r s ,  on ly  v ib r a t io n a l -
r o t a t i o n a l / t r a n s l a t i o n a l  t r a n s f e r  can  o ccu r as th e s e  monoatomic s p e c ie s  have 
no v ib r a t i o n a l  o r  r o t a t i o n a l  energy  s t a t e s .  When th e  c o l l i s i o n  p a r tn e r s  a re
l i g h t  d ia to m ic  m o le c u le s , such as and D^, m e c h a n is tic  s tu d ie s  can  be p e r-
Aq
form ed as th e  two have g r e a t ly  d i f f e r e n t  r a t e s .  7 The f lu o re s c e n c e  decay 
c u rv e s  become more co m p lica ted  as th e  d e a c t iv a t in g  sp e c ie s  become more 
com plex. Seldom i s  i t  p o s s ib le  to  o b ta in  much in fo rm a tio n  ab o u t the  
en erg y  t r a n s f e r  p ro cess  from complex decay c u rv e s . S ince ouacban ia tir 
s tu d ie s  would be p r o h ib i t iv e ly  d i f f i c u l t  fo r  system s as complex as  th e
a tm o sp h ere , le s s  r ig o ro u s  in te r f e r e n c e  s tu d ie s  w ere u n d e rta k en . Of i n ­
t e r e s t  was how added m o le c u la r  compounds would e f f e c t  th e  f lu o re sc e n c e  
o f  a  compound w hich abso rbed  l a s e r  r a d ia t io n .  To t h i s  end a  s tu d y  was 
made o f  th e  e f f e c t  o f  tw enty  th r e e  compounds upon th e  1 0 . 6  m icron  f l u o r ­
e scen ce  o f  e th y le n e  w ith  th r e e  c e l l  a tm o sp h eres , n i t r o g e n , a i r  and vacuum.
E x p e rim en ta l P ro c e d u re s : The ex p erim en ts  employed th e  m o d ified
Beckman 1R-10 w ith  th e  PAR a m p l i f i e r ,  and o p t i c a l  a rrangem ent B. The 
w a te r  co o led  c e l l ,  F ig u re  1, was u sed  w ith  a l l  compounds ex cep t SO2 , NO 
and NO2 . For th e  l a t t e r  compounds, an  e x te r n a l ly  co o led  sm a ll g la s s  
c e l l ,  F ig u re  1, was em ployed. E th y len e  f lu o re s c e n c e  was m easured a t  
1 0 .4  m icrons to  e l im in a te  th e  e f f e c t  o f  l a s e r  s c a t t e r in g  a t  1 0 . 6  m ic ro n s . 
E th y le n e  c o n c e n tra t io n  in  a l l  c a s e s  was a d ju s te d  to  0.4% by volum e, c o r ­
re sp o n d in g  to  3 t o r r  o f  e th y le n e  f o r  th e  vacuum e x p erim en ts . F i r s t  th e  
f lu o re s c e n c e  i n t e n s i t y  o f  p u re  e th y le n e ,  I f Q, was m easured . V arious 
am ounts o f  a  second compound w ere th e n  added to  th e  c e l l ,  and th e  
f lu o re s c e n c e  i n t e n s i t y  o f  th e  g as  m ix tu re , was m easured . Each
m easurem ent was made a t  l e a s t  f i v e  tim es and I f / I c  was c a lc u la te d  f o r
1  r o
each  c a s e .
R e su lts  and D is c u s s io n : S im ila r  r e s u l t s  were o b ta in e d  when
n i t r o g e n  o r  a i r  a tm ospheres w ere u se d , as seen  i n  T ab le  I I I .  W ith in  
e x p e r im e n ta l e r r o r ,  no I n te r f e r e n c e  was o b serv ed  f o r  p ro p an e , hexane, 
h e p ta n e , a c e ty le n e ,  benzene, cy c lo h ex an e , a c e to n e , ch lo ro fo rm , n itro g e n  
d io x id e ,  n i t r i c  o x id e , carb o n  d io x id e ,  argon o r  w a te r .  A sm a ll quench­
in g  o f  th e  f lu o re s c e n c e  s ig n a l  was seen  fo r  m ethane, carbon  t e t r a c h l o r id e  
and h e liu m . In c re a s e d  f lu o re s c e n c e  s ig n a ls  r e s u l t e d  from p ro p y le n e ,
TABLE I I I .
FLUORESCENCE INTENSITY® RATIO, I f / l fQ , BY GASES AT VARIOUS CONCENTRATIONS IN
DIFFERENT CELL SYSTEMS
Gas
(E th y len e  C o n c e n tra tio n  m 0.4% by volume o r  3 t o r r )
J f / I f o  i f t t f o
Added Gas C e l l  C e l l
C o n c e n tra tio n  F i l l e d  W ith F i l l e d  W ith
(% Gas Phase Volume) N itro g e n  Atm osphere A ir  A tm osphere
^ f ^ f o  
C e l l  W ith
Sample A t
Low P re s su re
ch 4 0 1 1 1*+
0 . 2 0 .9 1 + 0 .0 6  c 0 .9 3 + 0 . 1 2 0 .85 ±  0 .09
0 .4 0 .9 2 ± 0 .0 6 0 .92 ± 0 . 1 2 0 . 6 6 ±  0 .08
0 . 6 0 .87 + 0 .06 0 .89 ± 0 . 1 2 0 .58 ±  0 .08
0 . 8 0 . 8 6 ± 0.06 1 . 0 0 ± 0 .13 0 .57 ±  0 .0 7
1 . 0 0 .84 ± 0 .06 0 .76 ± 0 . 1 1 0 .46 ±  0 .07
Propane 0 i 1 1
0 . 2 1 . 0 0 ± 0 .09 0 .95 ± 0 . 1 2 1 .13 ±  0 .17
0 .4 1 . 0 0 ± 0 .0 9 1 . 0 1 ± 0 . 1 2 1 . 0 1 ±  0 .16
0 . 6 1 .04 + 0 .09 0 .96 + 0 . 1 2 1.07 + 0 .16
0 . 8 1 . 0 0 ± 0 .09 0 .9 0 ± 0 . 1 1 0 .95 ±  0 .05
1 . 0 0 .89 ± 0 .09 0 .9 8 + 0 . 1 2 1.03 ±  0 .16
Hexane 0 1 1 1
0 . 2 0 .97 ± 0 .1 6 1.07 + 0 .07 0 .99 ±  0 .18
0 .4 1 . 0 0 ± 0 .17 0 .97 ± 0.06 0 .7 9 ±  0 . 1 0
0 . 6 1.07 ± 0 .18 0 .96 + 0 .06 0 .80 ±  0 . 2 2
0 . 8 0 .98 ± 0 .16 1 . 1 1 + 0.06 0 .5 2 ±  0 .0 8
1 . 0 0 .99 ± 0 .17 1.04 + 0 .07 0 .47 ±  0 .0 8
aM easured a t  10 .4  m ic ro n s .
^ I j  and I f  a re  f lu o re sc e n c e  i n t e n s i t i e s  o f  p u re  e th y le n e ,  and e th y le n e  w ith  i n t e r f e r in g  g a se s , 
r e s p e c t iv e ly .
cferro r i s  th e  s ta n d a rd  d e v ia t io n  o f a t  l e a s t  f iv e  m easurem ents.




C o n ce n tra tio n  
(% Gas Phase Volume)
V l f 0
C e l l  
F i l l e d  W ith 




c 2 h 2
0 1
0 . 2 0 .9 3  ±  0 .1 0
0 .4 0 .9 0  ±  0 .1 0
0 . 6 1.03  ±  0 .11
0 . 8 1 . 1 1  ±  0 . 1 1
1 . 0 1.06 ±  0 .0 9
0 1
0 . 2 1 .52  ± 0 .21
0 .4 2 .29  ±  0 .27
0 . 6 2 .90  ±  0 .4 0
0 . 8 3 .6 0  ±  0 .46
1 . 0 4 .1 9  ±  0 .5 1
1 . 2 —
0 1
0 . 2 1 .31  ±  0 ,14
0 .4 1.53 ±  0 .17
0 . 6 1 .83  ±  0 .26
0 . 8 2 .06  ±  0 .2 7
1 . 0 2.45  ±  0 .3 0
0 1
0 . 2 0 .9 6  ±  0 .09
0 .4 0 .99  ±  0 .10
0 .$ 0 .9 9  ±  0 .1 0
0 . 8 1 . 0 2  ±  0 . 1 0
1 . 0 1 . 0 2  ±  0 . 1 0
I f / I £ 0
C e ll C e l l  W ith
F i l l e d  W ith Sample A t
A ir  Atmosphere Low P re s su re
1 1
0 .9 6  ±  0 .12 0 .9 1  ± 0 .07
0 .9 9  ±  0 .13 0 .6 1  ± 0 .06
0 .9 6  ±  0 .12 0 .80  ±  0 .08
0 .99  ±  0 .13 0 .7 5  +  0 .07
1.03 ±  0 .13 0 .7 9  ±  0 .07
1 1
1.72 ±  0 .22 2 . 0 0  ±  0 .28
2 .3 4  ±  0 .28 2 .76  ±  0 .33
3 .09  ±  0 .42 3.55 ±  0 .60
3 .64  ±  0 .47 3.86 ±  0 .63
4 .5 4  ±  0 .54 4 .7 6  ±  0 .69
5 .23  ±  0 .60 —
1 1
1.45 ±  0 .22 1.56 ±  0 .29
1.64  ±  0 .24 2 .09  ±  0 .34
1.81 ±  0 .26 2 .7 8  ± 0 .40
2 .11  ±  0 .29 3 .57  ±  0 .46
2.53 ±  0 .32 3 .76  ±  0.75
1 1
1 .04  ±  0 .16 0 .9 8  ±  0 .10
1.06 ±  0 .16 1 .04  ± .0 .1 1
0 ,99  ±  0 .15 0.93 ±  0 .10
1.02 ±  0 .15 0 .9 6  ±  0 . 1 0
1 .02  ±  0 .15 0 .96  ±  0 .1 0
■Ov-
0 0
TABLE I I I .
C ontinued.
Added Gas C e l l
C o n ce n tra tio n  F i l l e d  W ith






0 . 2 0 .99  ±  0 .17
0 .4 1.01 ±  0 .17
0 . 6 0 .97  ±  0 .17
0 . 8 1 . 0 1  ±  0 .17
1 . 0 0 .99  ± 0 .17
0 1
0 . 2 0 .99  ±  0 .18
0 .4 1.02 ±  0 .1 9
0 . 6 1.01 ±  0 .19
0 . 8 0 .98  ±  0 .18
1 . 0 1 .01  ±  0 .19
0 1
0 .2 4 0 .9 9  ±  0 .11
0.48 1.17 ±  0 .13
0 .72 1.20 ±  0 .13
0,95 1.11 ±  0 .24
0 1
0 . 2 0 .94  ±  0 .13
0 .4 1.03 ±  0 .14
0 . 6 1.10 ±  0 .15
0 . 8 1.05 ±  0 .14
1 . 0 ■V
V l f o
C e ll  
F i l l e d  W ith 
A ir  Atmosphere
1
1 . 1 0  ±  0 . 2 1  
1 . 0 0  ±  0 . 2 0  
1 . 0 2  ±  0 . 2 0  
1.13  ± 0 .21  
1 .04  ±  0 . 2 2
1
1 .09  ±  0 . 2 1  
1 . 0 1  ±  0 . 2 0  
0 .99  ±  0 ,20
1 . 0 2 ± 0 . 2 0
1 .04 ± 0 . 2 0
1
1 . 0 0 ± 0.15
0,95 0 .14
0.95 + 0 .14




0 .96 ± 0.13
1.04 ±  0 .14
1.00 ±  0 .13
C e l l  W ith 
Sample At 
Low P re s su re
1
0,79 ±  0 . 1 2
0.62 ±  0 . 1 1
0.55 ±  0 . 1 0
0.53 ±  0 . 1 0
0.52 ±  0 . 1 0
1
0.91 ±  0 . 2 0
0.65 ±  0 .17
0 .5 0 ±  0 .16
0 .48 ±  0 .15
0 .51 ±  0 .16
1
1.36 ±  0 .18
1.30 ± 0 .18
1.38 ±  0 .18
1.38 ±  0 .18
1
0 .82 ±  0 .15
0.85 ±  0 ,23
0 .67 ±  0 .14
0 .59 ±  0 . 1 2
0 . 6 8 ± 0 .1 4
TABLE I I I .
C ontinued
V lf o
Added Gas C e l l
C o n c e n tra tio n  F i l l e d  With
Gas (7. Gas Phase Volume) N itro g e n  Atmosphere
CCly
CH3OH
c 2 h 5oh
so2
0 1
0 . 2 0 .98 ±  0 .04
0 .4 0 .94 ±  0 .04
0 . 6 0 .9 8 ±  0 .0 4
0 . 8 0 .92 ±  0 .04
1 . 0 0 .9 0 ±  0 .04
0 1
0 . 2 1.27 ±  0 .24
0 .4 1.27 ±  0 .24
0 . 6 1.59 +  0 .2 8
0 . 8 1.71 ±  0 .29
1 . 0 2 . 0 0 ±  0 .32
0 1
0 . 2 1.34 ±  0 .43
0 .4 1.45 ± 0 .16
0 . 6 1.42 ±  0 .15
0 . 8 1.47 ±  0 .16
1 . 0 1.35 ±  0 .15
0 1
0 . 2 1.16 ± 0 . 1 0
0 .4 1.19 ±  0 . 1 1
0 . 6 1.14 ±  0 . 1 0
0 . 8 1.19 ±  0 . 1 0
1 . 0 1.14 ±  0 . 1 0
I f r t f o  I £/ I f 0
C e ll  C e l l  W ith
F i l l e d  W ith Sample At
A ir  Atmosphere Low P re s su re
1 1
0 .9 8  ±  0 .1 1 0 .72  ± 0 .1 5
0 .8 9  ±  0 .11 0 .62  ±  0 .14
0 .98  ±  0 .1 1 0 .5 1  ±  0 .13
0 .9 1  ±  0 .1 0 0 .5 0  ±  0 .13
0 .84  ±  0 . 1 1 0 .46  ±  0 .13
1 1
1.05 ±  0 .2 2 1.68 ±  0 .37
1 .06  ± 0 . 2 2 2 .39  ±  0 .63
1.09 ±  0 . 2 2 4 .3 4  ±  1.80
1.39 ±  0 .25 4 .8 2  ±  1.33
1.61 ±  0 .28 5 .6 2  ±  1.52
1 1
1 .03  ±  0 .19 1.34 ±  0 . 2 0
1 .34  ±  0 .22 1.68  ±  0 .23
1.55 ±  0 .24 1 . 6 6  ±  0 .23
1.38 ±  0 .22 1 .60  ±  0 . 2 2
1.57 ±  0 .24 1.86 ± 0 .2 4
1 1
1 .08  ±  0 .17 0 .91  ±  0 .09
1 .14  ±  0 .17 0 .97  ±  0 .10
1 . 2 1  ±  0 . 2 0 0 .93  ±  0 .09
1 .23  ±  0 .18 0 .92  ±  0 .09
1.17 ±  0 .18 0 .8 9  ± 0 .0 9




C o n ce n tra tio n  F i l l e d  With
(% Gas Phaae Volume) N itro g en  Atmosphere
0 1
0 . 2 1.03 £  0 .04
0 .4 1.03 £  0 .05
0 . 6 1.03 £  0 .05
0 . 8 0 .9 9 £  0 .04
1 . 0 1 . 0 2 ±  0 .05
0 1
0 . 2 0 .9 7 ±  0 .14
0 .4 1 . 0 0 £  0 .14
0 . 6 0.95 ±  0 .14
0 . 8 1 . 0 2 £  0 .14
1 . 0 1.03 ±  0 .14
0 1
0 . 2 1.06 ±  0 .13
0 .4 0 .98 ±  0 . 1 2
0 . 6 1.03 ±  0 .13
0 . 8 0 .98 £  0 . 1 2
1 . 0 1.03 £  0 .13
0 1
0 . 2 1.06 ±  0 . 1 0
0 .4 0 .96 £  0 .0 9
0 . 6 0.95 ±  0 . 1 0
0 . 8 1 . 0 1 £  0 . 1 0
1 . 0 0 .9 9  £  0 .09
V l f 0
C e ll  C e l l  W ith
F i l l e d  W ith Sample At
1 1
1 . 0 2 £  0 .04 0 .48 £  0 .09
1.03 £  0 .05 0.41 £  0 .08
1 . 0 0 ±  0 .04 0 .47 £  0 .09
1 . 0 2 ±  0 .04 0 .47 £  0 .09
1 . 0 0 ±  0 .04 0 .42 £  0 .08
1 1
1 . 0 2 £  0 .14 0.95 £  0 .17
0 .99 £  0 .14 0.99 £  0 .18
1.05 ±  0 .14 0 .99 £  0 .18
1.04 £  0 .14 1.03 £  0 .17
0 .94 £  0 .14 0.95 ±  0 .17
1 1
0.97 £  0 .14 1.36 ± 0 .29
1 . 0 0 ± 0 .14 1.53 £  0 .32
1.09 £  0 .15 1 . 6 6 £  0 .3 2
1.06 £  0 .15 1.96 £  0 .36
1.06 £  0 .14 1.67 £  0 .33
I 1
1.05 £  0 .13 0.95 £  0 .13
1.03 £  0 .13 0 . 8 8 £  0 .13
1.06 £  0 .13 0 .72 £  0 . 1 1
1.03 £  0 .13 0 .84 £  0 . 1 2
0 .96 £  0 . 1 2 0 .81 £  0 . 1 2
TABLE I I I .
C ontinued
C e ll
C o n c e n tra tio n  F i l l e d  W ith
Gas _______ (7. Gas Phase Volume) N itro g e n  Atm osphere
0 1
0 . 2 0 .95 ±  0 .15
0 .4 0 . 8 8 ±  0 .15
0 . 6 0 .9 0 ±  0 .1 5
0 . 8 0 .8 1 ±  0 .15
1 . 0 0 . 8 6 ±  0 .15
0
0 . 2 -
0 .4 -
0 . 6 -
0 . 8 -
1 . 0 -
0
0 . 2 -
0 .4 -
0 . 6 -
0 . 8 -
1 . 0 -
0 1
0 .5 1 . 0 1 ±  0 .1 5
1 . 0 1 . 0 1 ±  0 .15
1.5 1 . 0 1 ±  0 .15
2 . 0 1 . 0 0 ±  0 .17
2 .5 0 .9 4 ±  0 .15
3 .0 0 .87 ±  0 .1 4
V xf 0
C e ll  C e l l  W ith
F i l l e d  W ith Sample A t
A ir  Atmosphere Low P re s su re
1
0 .9 9  ±  0 .16  
0 .9 7  ±  0 .16  
0 .9 2  ±  0 .13  
0 .9 0  ±  0 .15  
0 .84  ±  0 .15
1
0 .7 0  ±  0 .11  
0 .6 2  ±  0 . 1 0  
0 .5 3  ±  0 .09  
0 .4 6  ±  0 .0 9  
0 .44  ± 0 .09
- 1  '
- 0 .87 ± 0 .09
- 0 .80 ±  0 .09
- 0.81 ± 0 ,09
- 0 .74 ± 0 .08
- 0 .70 ± 0 .08
1
- 0.95 ± 0 .07
- 0 .87 ±  0 .07
- 0 .81 ± 0 .06
- 0 .76 ±  0 .0 6
- 0 .72 ± 0 .06
1  1
1.04 ±  0 .15 0 . 8 8 ± 0 . 2 2
1.93 ±  0 .14 0 .93 ± 0 . 2 2
1.97 ±  0 .14 0 .84 ± 0 . 2 1
0 .98 ± 0 .14 0 . 8 8 ± 0 . 2 2
1 . 0 0 ±  0 .14 0 .84 ± 0 . 2 1
0 .99 ±  0 .1 4 0 .91 ± 0 . 2 2
73
1 -b u te n e , m ethyl a lc o h o l ,  e th y l  a lc o h o l ,  and s u l f u r  d io x id e .
R e s u lts  o b ta in e d  u n d er vacuum c o n d it io n s  w ere q u i te  d i f f e r e n t  
from  th o se  o b ta in e d  under n i t r o g e n  and a i r  a tm o sp h eres . F o r m ost 
compounds, e i t h e r  in c re a se d  o r  d e c rea se d  f lu o re s c e n c e  s ig n a ls  w ere ob­
se rv e d . Compounds f o r  w hich quenching  was observed  w ere m ethane, 
h exane , h e p ta n e , benzene , cy c lo h ex an e , ch lo ro fo rm , ca rb o n  t e t r a c h l o r i d e ,  
n i t ro g e n  d io x id e , a rg o n , h e liu m , n i t r o g e n  and a i r .  Compounds c au s in g  
a  s ig n a l  enhancem ent w ere p ro p y le n e , 1 -b u te n e , a c e to n e , m ethy l a lc o h o l ,  
e th y l  a lc o h o l and carb o n  d io x id e . F iv e  compounds w ere found to  have no
t
e f f e c t  w ith in  e x p e r im e n ta l e r r o r ,  th e se  b e in g  p ro p an e , a c e ty le n e ,  
s u l f u r  d io x id e , n i t r i c  ox ide  and w a te r . T ab le  IV l i s t s  s e v e ra l  c h a ra c ­
t e r i s t i c s  o f  th e  added compounds p o te n t i a l l y  im p o rtan t in  c h a r a c te r iz in g  
t h e i r  e f f e c t  upon e th y le n e  f lu o re s c e n c e .
i t s  e x c i te d  s t a t e  and B i s  th e  quenching  s p e c ie s ,  th e  fo llo w in g  r e l a t i o n ­
sh ip s  e x i s t ,
'T o b s .  “  observed  l i f e t im e  o f  e x c i te d  s t a t e  m o lecu le  A
= d e a c t iv a t io n  r a t e  o f  pure  A
* d e a c t iv a t io n  r a t e  o f  A by B
P^ , Pfi = p a r t i a l  p re s s u re s  o f  A and B
'T r ad . = r a d ia t iv e  l i f e t im e  o f A






M olecule M olecu lar
W eight
A b so rp tio n  
a t  1 0 . 6
CHARACTERISTICS OF INTERFERING GASES
A b so rp tio n  A b so rp tio n  A b so rp tio n 3  
a t  7 .0  a t  3 .3  Bands Near
1 0 . 6
i f / i £ob
CH4 16 - - s s - - 0 .46
Propane 44 v.w . s s - - 1.03
Hexane 8 6 v.w s s — 0.47
Heptane 1 0 0 v.w . s 3 — 0.79
P ropy lene 42 8 s S - - 4 .76
1-Butene 56 S s S toto 3 .76
A cety len e 26 - - v .w . v .w . - - 0 .96
C6 H 6 78 to to v.w . s 9 .8 0 .52
c-Hexane 84 — 8 s 1 1 0 .51
A cetone 58 v.w s m 1 1 1.38
CHC1, 113 — - - — 13.3 0 . 6 8
cci4 154 - - — — 13 0.46
MeOH 32 v.w . m s 9 .8 5.62
EtOH 46 v .w . ms s 9 .7 1 . 8 6
s o 2 64 - - s — 8 .9 0 .89
no 2 46 m v — — 11.3 0 .42
NO 30 — - - to to — 0.95
co 2 44 — C — — — 1.67
H«0 18 — w toto — 0.93
Ar 40 — - - - - toto 0 .81
He 4 — — toto to to 0 .44
n 2 28 — — - - — 0 .7 0
A ir — — « to — 0 .7 2
A b so rp tio n  N o ta tio n s : v .w . = ve ry  w eakly , w « w eak ly , m = m o d e ra te ly , m .s . * m o d era te ly  s t ro n g ly ,  
s = s t r o n g ly ,  - -  = none.
A b so rp tio n  bands n e a r  th e  e th y le n e  1 0 . 6  m icron  band.
O btained  from T able I I I  f o r  1% (o r  7 .6  t o r r )  o f  th e  i n t e r f e r i n g  gas in  th e  vacuum ex p erim en ts . 
cA bsorbs 10.6 m icron  la s e r  energy  from an  e x c i te d  s t a t e ,  R eference  61.
w here I ,. * f lu o re s c e n c e  i n t e n s i t y  in  th e  absence  o f  a quencher
t o
°  f lu o re sc e n c e  i n t e n s i t y  w ith  a  quencher
nfo “  l i f e t im e  o f  th e  f lu o re s c e n c e  o f  th e  pu re  gas
T  =* l i f e t im e  o f  th e  c o l l i s i o n a l l y  quenched f lu o re s c e n c e .
The above e q u a tio n s  in d ic a te  t h a t  when a  c o l l i s i o n  p a r tn e r  has a la rg e
d e a c t iv a t io n  r a t e  K^R a n d /o r  i s  p re s e n t a t  a h ig h  p r e s s u r e ,  th e  observed
f lu o re s c e n c e  i n t e n s i t y ,  If,  becomes s m a ll. Thus, in  th e  low p re s su re
ex p erim en ts  an  observed  d e c re a se  in  f lu o re s c e n c e  i n t e n s i t y  should  be a
d i r e c t  m easurem ent o f  th e  d e a c t iv a t io n  r a t e  o f  each c o l l i s i o n  p a r tn e r .
A la rg e  d e a c t iv a t io n  e f f e c t  i s  observed  i f  v i b r a t i o n a l - v ib r a t l o n a l  an d /
86o r  v i b r a t i o n a l - r o t a t i o n a l / t r a n s l a t i o n a l  en erg y  t r a n s f e r  r e a d i ly  o c c u r . * 
90 91* An e f f e c t iv e  v ib r a t i o n a l - v ib r a t i o n a l  energy  t r a n s f e r  i s  ex p ec ted
i f  th e  c o l l i d in g  m olecu les  have s im i la r  en erg y  s t a t e s .  T h is i s  term ed
2 3 84 85th e  n e a r  re so n an ce  e f f e c t .  ’ ’ * W ith r e s p e c t  to  v i b r a t i o n a l - r o t a t i o n ­
a l /  t r a n s i t i o n a l  t r a n s f e r ,  T a n c z o s ^  and S tretton® ®  have developed m odi­
f ie d  v i b r a t i o n a l - t r a n s l a t i o n a l  t r a n s f e r  th e o r ie s  in  w hich m o lecu lar 
r o t a t i o n  i s  ig n o red  and v ib r a t i o n a l  energy  t r a n s f e r  depends m ain ly  on 
th e  r e l a t i v e  t r a n s l a t i o n a l  v e lo c i ty  o f  th e  c o l l i s i o n  p a i r .  These 
th e o r ie s  p r e d ic t  t h a t  in c re a s in g  d e a c t iv a t io n  p r o b a b i l i ty ,  th u s  in c re a s in g  
numbers o f c o l l i s i o n s  p e r  u n i t  tim e  w i l l  be found w ith  a d e c rea se  in  th e  
reduced  mass o f  c o l l i s i o n  p a i r .  In  th e  vacuum ex p erim en ts  which a re  
b im o le c u la r  sy s tem s , a la rg e  d e a c t iv a t io n  e f f e c t  was ob serv ed  fo r  
he lium  and n i t r o g e n ,  and a r e l a t i v e l y  sm all e f f e c t  o b serv ed  fo r  a rg o n . 
These f in d in g s  c o in c id e  w ith  th e  th e o r ie s  o f  Tanczos and S t r e t t o n .  The 
la rg e  quenching e f f e c t  o f  m ethane on e th y le n e  f lu o re s c e n c e  can  be ex - 
p la n in e d  by T anczos’ and S t r e t t o n ’s th e o r ie s  and by n e a r  resonance  
e f f e c t .
V ib ra t io n a l  en erg y  i s  r a p id ly  r e d i s t r i b u t e d  among th e  v ib r a t io n a l
2 6  29 79modes o f  a  m olecu le  by in t r a m o le c u la r ly .  * * 1 T hus, th e  7 m icron
e th y le n e  v ib r a t io n a l  s t a t e  w i l l  be p o p u la te d  by e q u i l i b r a t i o n  w ith  th e  
pumped s t a t e  o f  e th y le n e  a t  10.6 m ic ro n s . Energy can  th e n  be t r a n s f e r e d  
to  th e  7 .7  m icron  m ethane v ib r a t i o n a l  s t a t e  th rough  e f f i c i e n t  n e a r  r e s ­
onance v ib r a t io n a  1 - v ib r a t io n a l  energy  t r a n s f e r .  The la rg e  quenching 
e f f e c t  o b se rv ed  fo r h ex an e , benzene, cy c lo h e x a n e , ch lo ro fo rm , carb o n  
t e t r a c h l o r id e  and n i t r o g e n  d io x id e  m igh t come from a n e a r  resonance  
e f f e c t .  A l l  o f  th e se  compounds have v i b r a t i o n a l  s t a t e s  n e a r th e  
v i b r a t i o n a l  s t a t e s  o f  e th y le n e .  On th e  o th e r  hand, a c e ty le n e  and n i t r i c  
ox ide d id  n o t  e f f e c t  th e  i n t e n s i t y  o f  e th y le n e  f lu o re s c e n c e , and th ey  do 
no t have v ib r a t i o n a l  s t a t e s  o v e rla p p in g  th o se  o f  e th y le n e .  On th e  
b a s is  o f  n e a r  resonance  e f f e c t ,  bo th  s u l f u r  d io x id e  and w a te r would be 
expected  to  quench e th y le n e  f lu o re s c e n c e  s t ro n g ly .  In  b o th  c a s e s ,  some 
quenching was o b serv ed , however n e i th e r  quenched th e  f lu o re sc e n c e  
s i g n i f i c a n t l y .  A lthough a  s t ro n g ly  s e n s i t i z e d  s u l f u r  d io x id e  f l u o r e s ­
cence was shown p re v io u s ly , th e se  o b s e rv a tio n s  cou ld  n o t be e x p la in e d .
S im ila r  o b s e rv a tio n  has been  found in  an e th y le n e -w a te r  system  by Yuan
2
and F ly n n .
The d e a c t iv a t io n  r a t e s  o f  e th y le n e  f lu o re s c e n c e  by h e liu m ,
•3 2  3arg o n , n i t r o g e n  and m eth an e , * based  upon th e  m easurem ent o f  f l u o r ­
escence d ecay  curves, have been re p o r te d .  The re p o r te d  d e a c t iv a t io n
o - 1  -> i  3
r a te s  were 5 .4 4  x 10J sec  t o r r  f o r  h e liu m , 0 .4 7  x 10 fo r  a rg o n ,
0 .82  x 10^ f o r  n i t r o g e n , and 17,1  x 1 0^ ,^  and 8 .0  x 1 0^ ,^  f o r  m ethane.
q 3
The r a t e  o f  e th y le n e  s e l f - d e a c t iv a t io n  was a ls o  re p o r te d  to  be 7 .23 x 10 . 
From Eqa. 2 and 3 , v a lu e s  fo r  7 .6  t o r r ,  o r  1% in  volume h e liu m ,
a rg o n , n i t r o g e n  and m ethane were c a lc u la te d .  S in c e T r a d  i s  v e r 7  sm a ll
w ith  o th e r  term s in  E q. 2 , i t  was n e g le c te d . The r e s u l t s  o f  th e s e
c a lc u la t io n s  a re  compared to  th e  e x p e r im e n ta lly  de term ined  l ^ / l ^
v a lu e s  i n  T able  V. The observed  X J I  v a lu es  f o r  he lium , a rg o n  and
* fo
n i t ro g e n  a r e  in  good agreem ent w ith  th e  c a lc u la te d  v a lu e s . However, 
a  la rg e  d isc re p a n c y  betw een th e  observ ed  and c a lc u la te d  v a lu e s  f o r  m ethane 
was n o te d . In  a l a t e r  e x p e rim en t, i t  was f u r th e r  shown th a t  h e liu m  was 
a b e t t e r  quencher th a n  m ethane. T h is  d isc re p a n c y  h as  n o t been  e x p la in e d .
In  th e  vacuum e x p e r im e n ts , s e v e ra l  compounds caused  an  in c re a s e  
in  th e  " f lu o re s c e n c e "  s ig n a l  o f  e th y le n e .  A c h a r a c t e r i s t i c  o f  th e s e  
compounds i s  t h a t  th e y  e i t h e r  s t r o n g ly  o r  w eakly a b so rb  1 0 . 6  m icron  
la s e r  r a d i a t i o n .  The compounds w hich e i t h e r  d id  n o t e f f e c t  o r  quenched 
e th y le n e  f lu o re s c e n c e  d id  n o t a b so rb  10.6  m icron  r a d ia t io n .  E x c e p tio n  
to  th e s e  g e n e r a l iz a t io n s  w ere hexane and h e p tan e  w hich were weak ab ­
s o rb e rs  o f  1 0 . 6  m icron  r a d i a t i o n  and a ls o  quenched e th y le n e  f lu o re s c e n c e .
P ro p y le n e , 1 -b u te n e , a c e to n e , m ethyl a lc o h o l ,  e th y l  a lc o h o l and 
carbon  d io x id e  enhanced e th y le n e  f lu o re s c e n c e . F u r th e r  ex p erim en ts  were 
perform ed to  d e te rm in e  how th e  enhancem ent o c c u r re d . "F lu o rescen ce"  
s ig n a l s  a t  10 .4  m icrons were m easured  fo r  each compound w ith o u t e th y le n e  
in  th e  c e l l .  I t  was found th a t  th e  enhancement o f  th e  e th y le n e  f lu o r e s ­
cence was g r e a te r  th a n  th e  s ig n a l  produced by th e  p u re  compounds. That 
i s ,  th e  e f f e c t  m ust have been a  s e n s i t i z in g  phenomenon. I t  was p o s s ib le  
th a t  th e s e  compounds ab so rb ed  th e  1 0 . 6  m icron l a s e r  r a d ia t io n  and t r a n s -  
fe re d  th e  energy  to  e th y le n e  m o lecu le s  by c o l l i s i o n .  This would in c re a s e  
th e  p o p u la tio n  o f  e x c i te d  s t a t e  e th y le n e  m o lecu les  th u s  enhancing  th e  
e th y le n e  f lu o re s c e n c e . I t  was a l s o  p o s s ib le ,  e s p e c ia l l y  in  th e  c a s e s  o f  
p ro p y len e  and 1 -b u te n e , fo r  th e  en erg y  t r a n s f e r  to  be from e th y le n e  to  
th e  added compound, w ith  th e  in c re a s e  in  s ig n a l  b e in g  due to  f lu o re s c e n c e
TABLE V.
COMPARISON OF CALCUIATED AND OBSERVED QUENCHING EFFICIENCIES
Quenching M olecule K ^KAB
( s e c . - 3  t o r r - *-)
C a lc u la te d
V l f 0
Observed**
^ f o
He 5 .4 4  x 103 0 .34 0 .4 4  ±  0 .09
A r 0 .47  x 103 0 . 8 6 0 .81  + 0 . 1 2
n 2 0 .82  x 1 0 3 0 .7 8 0 .7 0  ±  0 .08
CH4 17.1  x 103 0 .078 0 .4 6  ±  0 .07
ch 4 8 . 0  x 1 0 3  b 0 .27
O b ta in e d  from R eference 3.
^O btained from R eference  2 .
cV alues c a lc u la te d  u s in g  E qs. 2 and 3.
^O btained from T able I I I  f o r  1% o f  th e  i n t e r f e r in g  gas in  th e  vacuum ex p erim en ts .
o f  th e  added s p e c ie s .  As shown p r e v io u s ly ,  b o th  p ro p y len e  and 1 -b u ten e  
gave s t ro n g  f lu o re s c e n c e  s ig n a ls  a t  1 0 . 4  m ic ro n s .
In  th e  ex p erim en ts  em ploying a  n i t r o g e n  o r  a i r  a tm osphere , 
m ost o f  th e  compounds exam ined produced no e f f e c t  on e th y le n e  f l u o r e s ­
cen ce  I n t e n s i t y .  The d a ta  can  be su p p o rte d  by c o n s id e ra t io n  o f E q s . 2 
and 3 . In  th e  p o ly m o lecu la r sy stem , Eq. 2 w i l l  be
T  o b s . “  KAA PA +  KAB PB + KAC PC +  KAD PD + + T ^ a d .  Eq*
w here ■ d e a c t iv a t io n  r a t e s  o f  A by C and D
PC* PD 3  Pa r t ^Q^ p re s s u re s  o f  C and D
In  th e  c a se s  where th e  n i t r o g e n  and oxygen c o n c e n tr a t io n  were la r g e ,
f u r t h e r  compounds added to  th e  c e l l  would c o n t r ib u te  l i t t l e  to  'T  ~} in> o b s .
E q. 4 ,  and th e r e f o r e  1^ in  Eq. 3 . Thus,
kc 2 h4 -b  pb kc 2 h4 - n 2  pn 2  +  kc 2 h 4 -o 2  po 2
u n le s s  i s  la r g e .  M ethane, carb o n  t e t r a c h l o r id e  and h e lium  gave
la rg e  d e a c t iv a t io n  e f f e c t s  i n  th e  low p re s s u re  ex p erim en ts  and showed 
sm a ll quenching  e f f e c t s  in  ex p erim en ts  a t  a tm o sp h eric  p re s s u re .  The 
d e a c t iv a t io n  r a t e  o f  e th y le n e  f lu o re s c e n c e  by oxygen has been re p o r te d  
a s  1 .43  x 10^ s e c ”’*- t o r r - 1 ,"* w hich i s  v e ry  s im i la r  b u t s l i g h t l y  l a r g e r  
th a n  t h a t  by n i t r o g e n .  T h e re fo re , ex p erim en ts  em ploying a  n i tro g e n  
a tm osphere  Bhould be ex p ec ted  to  g iv e  s im i la r  r e s u l t s  in  ex p erim en ts  
em ploying a i r  a tm osphere .
C oncluding  th e  above d a ta ,  th e  i n t e n s i t y  o f  e th y le n e  f l u o r e s ­
cence  was n o t e f f e c te d  by compounds w hich d id  n o t a b so rb  1 0 . 6  m icron  
l a a e r  r a d ia t io n  when m easured a t  a tm ospheric  p r e s s u r e .  The f lu o re s c e n c e  
was quenched by th e s e  compounds in  ev acu a ted  sy s tem s . On the o th e r  hand ,
compounds w hich a b so rb  1 0 . 6  m ic ro n  r a d ia t io n  te n d  to  g iv e  p o s i t iv e  
in te r f e r e n c e  e f f e c t s .  These r e s u l t s  have im p o rtan t a n a ly t i c a l  #im p li^  
c a t io n s  to  th e  l a s e r  f lu o re s c e n c e  te ch n iq u e  a s  u sed  f o r  a i r  p o l lu t io n  
m o n ito r in g . C o n c e n tra tio n s  o f  a tm o sp h eric  p o l lu ta n t s  shou ld  be q u i t e  
low when compared to  th e  c o n c e n tra t io n  o f  n i t r o g e n  and oxygen. Under 
such  c irc u m s ta n c e s , th e  observed  I n te n s i ty  o f  f lu o re s c e n c e  s ig n a ls  
would be f a i r l y  f r e e  from th e  in te r f e r e n c e  by a i r  p o l lu ta n ts  w hich do 
n o t ab so rb  th e  l a s e r  en erg y . T h u s , i f  a  tu n a b le  l a s e r  can  be used  
w hich i s  s p e c i f i c  f o r  a s in g le  r o t a t i o n a l - v i b r a t i o n a l  l i n e  o f  a  m o le c u le , 
no m ajo r in te r f e r e n c e s  cou ld  o c c u r . The e x p e r im e n ta l r e s u l t s  f o r  w a te r  
a ls o  in d ic a te  t h a t  changes in  a tm o sp h eric  h u m id ity  would n o t a f f e c t  th e  
sy s te m . A nother p o s s ib le  a p p l i c a t io n  o f  th e  te c h n iq u e  i s  th e  m o n ito r in g  o f 
p o in t  s o u rc e , such  as  a s ta c k  o r  au tom otive  e x h a u s t p ip e . In  th e se  
c a s e s ,  a n a ly t i c a l  in te r f e r e n c e s  c o u ld  be s e v e re  due to  h ig h  c o n c e n tr a t io n  
and v a ry in g  n a tu re  o f  p o l lu t a n t s .  Here c a r e f u l  c a l i b r a t i o n  a s  w e ll  a s  
c a r e f u l  I n t e r p r e t a t i o n  o f a n a l y t i c a l  d a ta  w i l l  be n e c e ssa ry .
I .  Quenching o f  th e  E th y len e  10 .6  M icron F lu o re sc e n c e  by a  F o re ig n  
Gas a t  H igher P re s s u re  (Up To A tm ospheric P r e s s u r e ) :
By u s in g  th e  same in s tru m e n ta l  and o p t i c a l  arrangem ent as  
d e sc r ib e d  in  th e  p re v io u s  e x p e r im e n ts , th e  quench ing  e f f i c i e n c i e s  o f  
m ethane, p rop an e , a i r ,  n i t r o g e n ,  a rg o n  and h e liu m  a t  in c re a se d  p re s s u re  
w ere exam ined. I n  th e  fo reg o in g  e x p e r im en ts , e th y le n e  a t  3 t o r r  (o r  
0.4% gas phase volum e) was s tu d ie d .  In  th e se  s t u d i e s ,  a t  h ig h e r  
p r e s s u r e s ,  s u f f i c i e n t  e th y le n e  was u sed , 15 t o r r ,  such th a t  s tro n g  
e th y le n e  f lu o re s c e n c e  s ig n a ls  w ere p roduced . T h is  a llow ed  more a c c u ra te  
d e te rm in a tio n  o f  p o s s ib le  quench ing  e f f e c t s .
The w a te r co o led  c e l l  was e v a c u a te d  and th e  CO2  l a s e r  beam was 
d i r e c te d  In to  th e  c e l l .  The em issio n  s ig n a l  front th e  c e l l  was m o n ito red  
a t  10 .4  m icrons a s  e th y le n e  gas was in tro d u c e d  to  a p r e s s u r e  o f  15 t o r r .  
An e m iss io n  s ig n a l  was o b se rv ed  upon th e  in t r o d u c t io n  o f  e th y le n e  and 
r a p id ly  reach ed  a  s te a d y  l e v e l .  At t h i s  p o in t  th e  qu en ch in g  gas was 
in tro d u c e d  in to  th e  c e l l  u n t i l  th e  t o t a l  p re s s u re  o f  th e  c e l l  was n e a r  
a tm o sp h eric  p re s s u re .  A c a l i b r a t e d  p re s s u re  gauge was u sed  to  d e te rm in e  
th e  p re s s u re  o f  added g a s e s .
F ig u re  27 shows th e  quenching e f f e c t  o f  m ethane and was t y p i c a l  
o f  a l l  ex p e rim en ts . The S tem -V o lm er p lo t s  f o r  th e  ex p erim en t a re  shown 
in  F ig u re  28, The S tem -V o lm er quenching law is  e x p re sse d  by th e  fo l lo w ­
in g  e q u a tio n :
* f
“ T"2* -  1 +  aC ......... E q . 5 9 6
f
where I ,  i s  th e  i n t e n s i t y  o f  f lu o re s c e n c e  in  th e  ab sen ce  o f  a  q u e n ch e r, 
r o
i s  th e  i n t e n s i t y  o f  f lu o re s c e n c e  a f t e r  a d d i t io n  o f  quench ing  gas a t  
known c o n c e n tra t io n  o r  p a r t i a l  p re s su re  (C) o f  th e  q uench ing  s p e c ie s ,  and 
a  i s  a  c o n s ta n t .  The ex p ec ted  l in e a r  S tem -V o lm er p lo t s  w ere no t o b se rv ed  
i n  t h i s  s tu d y . I n  th e  ex p erim en ts  w ith  n i t r o g e n  as a  q u e n ch e r, th e  CO2  
l a s e r  r a d i a t i o n  was abso rbed  more s t ro n g ly  when th e  p r e s s u r e  o f  n i t r o g e n  
was in c re a s e d . T h is r e s u l t e d  in  p re s s u re  b roaden ing  o f  e th y le n e  
r o t a t i o n a l  l in e s  a s s o c ia te d  w ith  the  10.6  m ic ro n  band. I f  c o r r e c t io n s  
w ere made to  th e  f lu o re sc e n c e  i n t e n s i t i e s  f o r  th e  amount o f  th e  l a s e r  
r a d i a t i o n  ab so rb ed , th e  S tem -V o lm er p lo t s  would be m ore n e a r ly  l i n e a r .  
However f o r  propane such a  c o r r e c t io n  would n o t g ive a l i n e a r  p lo t .
P ropane ab so rb s  10.6  m icron l a s e r  r a d ia t io n  and i t s  f lu o re s c e n c e  may 







T i m e  (mi n
F ig u re  27.
E th y len e  F lu o rescen ce  I n te n s i ty  A f te r  Quenching 






• 0 0to o 600
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F ig u re  28.
C o l l i s io n a l  D e a c t iv a t io n  o f E th y len e  F lu o re sc e n c e ,
S tern-V olm er P lo t s .
1^ * F lu o rescen ce  in t e n s i t y  o f  e th y le n e  a t  10 .4  m icrons.
0 P re s su re  i s  15 t o r r .
E th y len e  c o n c e n tra t io n  used was 15 t o r r  in  ev acu a ted  c e l l .  A
la rg e  amount o f  quenching g a s e s ,  He, CH^, a i r ,  N2 , A r and C3 HJ3 , was
added to  th e  c e l l  c o n ta in in g  e th y le n e , and f lu o re s c e n c e  i n t e n s i t i e s ,
I f ,  w ere m easured a t  10.4  m ic ro n s .
84
was th e  b e s t  quencher o f  th e  e th y le n e  f lu o re s c e n c e . A la rg e  d e a c t iv a t io n
e f f e c t  has g e n e r a l ly  been observed  fo r  h e liu m , and h as  been  a t t r i b u t e d  to
3 6  9 29 61v ib r a t io n a l  en erg y  t r a n s f e r .  » » » » i n g e n e ra l ,  th e  quenching e f ­
f i c i e n c i e s  o b se rv ed  in  t h i s  experim en t w ere in  good agreem ent w ith  th o s e  
o f  th e  p re v io u s  low p re s s u re  s tu d ie s .
J .  C o l l i s io n a l  A c t iv a t io n  By E x c ite d  E th y le n e
I n t r o d u c t io n : I t  was d em o n stra ted  in  a p re v io u s  s e c t io n  t h a t
when m o lecu les  w ere added to  a  c e l l  c o n ta in in g  e th y le n e ,  f lu o re sc e n c e  
s ig n a ls  a t t r i b u t a b l e  to  th e  added compound w ere o b se rv ed . These f in d in g s  
w ere s i g n i f i c a n t  a s  th e  s e n s i t i z e d  f lu o re s c e n c e  s ig n a ls  may occur in  th e  
w aveleng th  re g io n  b e in g  m o n ito red  cau s in g  a d i r e c t  r a d i a t i v e  in te r f e r e n c e .  
S e n s i t iz e d  f lu o re s c e n c e  would be ex p ec ted  s in c e  in te rm o le c u la r  v ib r a t i o n a l -  
v ib r a t io n a l  en e rg y  t r a n s f e r  o c c u r re d . T here  has been much accum ulated  
d e a c t iv a t io n  d a ta  in  p h y s ic a l  c h e m is try , b u t on ly  a few d e m o n stra tio n s  
have been  made o f  s e n s i t i z e d  f lu o re s c e n c e  from an in f r a r e d  l a s e r .  
2 7 ,4 6 ,6 9 ,9 2 ,9 3  s tu d ie s  have been re p o r te d  on s e n s i t i z e d  f lu o re s c e n c e
in  w hich no l a s e r  was in v o lv ed  in  th e  e x c i t a t i o n  o f  f i r s t  m o lecu le . An 
exam ple o f  c o l l i s i o n a l  a c t i v a t io n  can be found in  th e  mechanism o f  a CO2  
l a s e r .  N itro g e n  i s  r a i s e d  to  an  e x c ite d  s t a t e  by means o f  e l e c t r o n i c a l  
pumping. The e x c i te d  n i t ro g e n  th e n  c o l l id e s  w ith  ground s t a t e  CO2  m o le ­
c u le s .  Thus, CO2  m o lecu les  a re  pumped to  t h e i r  e x c ite d  s t a t e ,  from w hich 
th e  C( > 2  l a s e r  r a d i a t i o n  i s  o b se rv ed .
In  t h i s  s e c t io n ,  th e  q u a n t i t a t iv e  a sp e c ts  o f  c o l l i s i o n a l  
a c t i v a t io n  by l a s e r  e x c i te d  e th y le n e  m o lecu les  were s tu d ie d  fo r  s u l f u r  
d io x id e , a c e to n e , m ethane, c a rb o n  t e t r a c h l o r i d e ,  c h lo ro fo rm , cy c lo h ex an e , 
benzene and p ro p an e . These compounds do n o t absorb  10,6  m icron r a d i a t i o n ,  
ex ce p t a c e to n e , c y c lo h ex an e , and propane, which weakly a b so rb  a t
1 0 . 6  m ic ro n s .
E x p erim en ta l P ro c e d u re s : A l l  ex p erim en ts  w ere perform ed under 
a  n i t r o g e n  a tm osphere . A m o d if ied  IR -10 , w ith o u t th e  FAR a m p l i f ie r ,  was 
em ployed, and o p t i c a l  a rrangem ent B, F ig u re  6 , was u se d . The s tu d ie s  
w ere conducted  in  th e  w a te r  co o led  c e l l ,  w ith  th e  e x c e p tio n  o f  t h a t  f o r  
s u l f u r  d io x id e , in  which an  e x te r n a l ly  co o led  g la s s  c e l l  was em ployed.
The n i t r o g e n  f i l l e d  c e l l  was p re p a re d  acco rd in g  to  th e  p ro ­
ced u res  p re v io u s ly  d e s c r ib e d , and v a rio u s  amounts o f  th e  compound to  be 
s tu d ie d  w ere s u c c e s s iv e ly  in tro d u c e d  in to  th e  c e l l .  A f te r  th e  a d d i t io n  
o f  each compound, f lu o re s c e n c e  s ig n a ls  a t  s e le c te d  w aveleng th  were r e ­
co rd ed . The c e l l  was th en  f lu s h e d  w ith  n i t r o g e n  and a  sm a ll amount o f  
e th y le n e  was in je c te d  in to  th e  c e l l .  V a rio u s  amounts o f  th e  compound 
w ere a g a in  in tro d u c e d  in to  th e  c e l l  which now c o n ta in e d  e th y le n e . The 
experim en t was re p e a te d  f o r  s e v e r a l  e th y le n e  c o n c e n tr a t io n s .
W avelengths used  in  th e  s tu d y  w ere 8 .9  m icrons f o r  s u l f u r  
d io x id e , 5 .8  m icrons f o r  a c e to n e , 7 .7  m icrons fo r  m ethane, 13.0  m icrons 
f o r  ca rb o n  t e t r a c h l o r i d e ,  1 3 .3  m icrons f o r  ch lo ro fo rm , 8 .0  m icrons f o r  
cy c lo h ex an e , 6 . 8  m icrons f o r  benzene and 7 .2  m icrons f o r  p ro p an e . The 
c o n c e n tra t io n  ran g es  s tu d ie d  w ere g e n e r a l ly  up to  1% by volum e. H igher 
c o n c e n tra t io n s  were u sed  w ith  cyclohexane because  no a p p re c ia b le  
s e n s i t i z e d  f lu o re s c e n c e  s ig n a l s  a t  8 . 0  m icrons were o b serv ed  from a 
low er c o n c e n tra t io n  o f  th e  compound.
R e s u lts  and D is c u s s io n : The e x p e r im e n ta l r e s u l t s  a re  shown
in  F ig u re s  29 th rough  36 . The f ig u r e s  c l e a r l y  in d ic a te d  th e  r e l a t i o n ­






S u l fu r  D io x id e  C o n ce n t r a f io n  (%byvo),)
0.8
F ig u re  29.
E f f e c t  o f E th y len e  on S u lfu r  D iox ide  F lu o rescen ce
a t  8 .9  M icrons.
E th y len e  c o n c e n tr a t io n  in  th e  c e l l  (by volume p e rc e n t) :









A c t to n c  C o n c e n tra t io n  (Xbyvoi.)
F ig u re  30.
E f f e c t  o f  E th y le n e  on A cetone  F lu o re sc e n c e  a t
5 .8  M icro n s.
E th y len e  c o n c e n tr a t io n  in  th e  c e l l  (b y  volume p e r c e n t ) :




M e t h a n e  C o n cen tra tio n  ( % by v»i.)
F ig u re  31.
E f f e c t  o f E th y le n e  on Methane F lu o resc en c e  a t
7 .7 M icrons.
E th y len e  c o n c e n tr a t io n  In th e  c e l l  (by volume p e r c e n t):





C C I^  C oncen tra tion  (% b y v o ij
F ig u re  32.
E f f e c t  o f  E th y le n e  on Carbon T e tr a c h lo r id e  F lu o rescen ce
a t  13.0  M icrons.
E th y len e  c o n c e n tr a t io n  in  th e  c e l l  (by volume p e r c e n t):






C hloroform  C o n c o n tra tio n  ( %by v#l.)
ojb
F ig u re  33.
E f fe c t  o f  E th y len e  on C hloroform  F lu o resc en c e  a t
13 .3  M icrons.
E th y len e  c o n c e n tra t io n  in  th e  c e l l  (by volume p e r c e n t ) :
o -  Z ero  e - 0 .1 %  0.2%, •  =* 0.4%
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Cyclohexono Concentration (% byvol.)
F ig u re  34.
E f f e c t  o f  E th y len e  on C yclohexane F lu o resc en c e  a t
8 .0  M icrons.
E th y len e  c o n c e n tra t io n  in  th e  c e l l  (by volume p e rc e n t) :









B onzono C o n cen tra tio n  ( x b y  vol.)
F ig u re  35.
E f f e c t  o f  E th y len e  on Benzene F lu o resc en c e  a t
6 . 8  M icro n s .
E th y len e  c o n c e n tr a t io n  in  the c e l l  (by volume p e r c e n t):
o *  Zero ■ * 0 . 1 %  &= 0.2% • = 0 . 4 %
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0.804
P r o p a n t  C o n cen tra tio n  ( % by v*L)
F ig u re  36.
E f f e c t  o f  E th y le n e  on Propane F lu o rescen ce  a t
7 .2  M icrons.
E th y len e  c o n c e n tr a tio n  in  th e  c e l l  (by volum e p e r c e n t):
o -  Zero ■ = 0.2% #  -  0.4% • =  0.6%
S e n s i t iz e d  f lu o re s c e n c e  I n t e n s i t i e s  in c re a se d  w ith  in c re a se d  e th y le n e .
T his was n o t  u n ex pec ted  as in c re a s e d  e th y le n e  c o n c e n tra t io n  w i l l  in c re a s e  
th e  number o f e th y le n e  m olecu les in  th e  e x c ite d  s t a t e  and th u s  th e  
p r o b a b i l i ty  o f  c o l l i s i o n s  r e s u l t i n g  in  energy  t r a n s f e r .  I t  was shown 
in  a  p re v io u s  s e c t io n  th a t  e th y le n e  f lu o re s c e n c e  was d e a c t iv a te d  by 
s u l f u r  d io x id e  ( s l i g h t l y ) ,  m ethane, carbon  t e t r a c h l o r i d e ,  c h lo ro fo rm , 
cy c lo h ex an e , and benzen e . These compounds a ls o  fluo re isced  a t  t h e i r  
c h a r a c t e r i s t i c  w aveleng ths in  th e  p re sen c e  o f  e th y le n e . Thus th e  
d e a c t iv a t io n  m ust have invo lved  v i b r a t i o n a l - v ib r a t i o n a l  energy  t r a n s ­
f e r .  In  th e  c ase s  o f  propane and a c e to n e , d e a c t iv a t io n  o f  e th y le n e  
f lu o re s c e n c e  d id  n o t o ccu r a t  low p r e s s u r e s ,  and propane d id  n o t show 
c l e a r  s e n s i t i z e d  f lu o re s c e n c e , however s e n s i t iz e d  ace to n e  f lu o re s c e n c e  
was c l e a r l y  o b se rv ed . The l a t t e r  o b s e rv a tio n  c o u ld  n o t be e a s i l y  
e x p la in e d .
The s e n s i t i z in g  e f f e c t  c o u ld  be th e  so u rc e  o f a s e r io u s  an a­
l y t i c a l  I n te r f e r e n c e .  T h is  was e s p e c ia l ly  so s in c e  th e  phenomenon 
appeared  to  be u n iv e r s a l ly  p re s e n t .  I f  th e  s e n s i t i z e d  m o lecu les  f lu o re s c e  
a t  a w aveleng th  s im i la r  to  th a t  b e in g  m o n ito red , th e  s e n s i t i z e d  f l u o r ­
escen ce  s ig n a l s  would be a  d i r e c t  r a d i a t i v e  in te r f e r e n c e .  T h is  i n t e r ­
fe re n c e  co u ld  o n ly  be e lim in a te d  by th e  use o f a h ig h  r e s o lu t io n  in f r a r e d  
m onochrom etor. A t th e  same tim e , s e n s i t i z e d  f lu o re s c e n c e  c o u ld  in c re a s e  
th e  scope o f  th e  l a s e r  induced f lu o re s c e n c e  te c h n iq u e . That i s ,  compounds 
which do n o t ab so rb  th e  l a s e r  r a d ia t io n  cou ld  be e x c ite d  by c o l l i s i o n a l  
a c t i v a t io n ,  and th u s  d e te c te d .
K. E th y len e  F lu o re sc en c e  I n te n s i ty  v e rs u s  C o n c e n tra tio n :
One o f  th e  im p o rtan t a n a l y t i c a l  p a ram ete rs  was th e  dependence
o f  e th y le n e  f lu o re s c e n c e  i n t e n s i t y  upon i t s  c o n c e n tr a t io n .  U sing o p t i c a l  
a rrangem en t B, F ig u re  8 , and a w a te r  c o o le d ,  a i r - f i l l e d  c e l l ,  f lu o re s c e n c e  
i n t e n s i t i e s  a t  v a r io u s  e th y le n e  c o n c e n tr a t io n s  w ere m easured  a t  th e  1 0 . 6 ,
7 and 5 m ic ro n  o f  e th y le n e  b a n d s . The r e s u l t s  a re  shown in  F ig u re  37, 
A lthough  f lu o r e s c e n c e  s ig n a l s  a t  10 .6  m ic ro n s  were m ore in te n s e  th a n  th o se  
a t  10 .4  m ic ro n s , th e  m easurem ent o f  th e  1 0 . 6  m icron  band f lu o re s c e n c e  was 
made a t  10 .4  m ic ro n s  to  a v o id  th e  e f f e c t  o f  s c a t te r e d  l a s e r  r a d i a t i o n .  
F lu o re sc e n c e  o f  th e  7 m icron  band was m easured  a t  7 .2  m icrons and th a t  
o f  th e  5 m icrons was m easured a t  5 .3  m ic ro n s .
F ig u re  38 shows th e  same ty p e  o f  in fo rm a tio n  a s  F ig u re  3 7 , b u t
w ith  c e l l  a tm o sp h eres  o f  a rg o n , a i r ,  n i t r o g e n  and h e liu m . F ig u re  39 
c o n ta in s  r e s u l t s  from  an  e v ac u a ted  c e l l .  These e x p e r im en ts  w ere p e r ­
formed a t  1 0 .4  m ic ro n s . T h is  s tu d y  f u r t h e r  in d ic a te d  t h a t  h e liu m  i s
th e  b e s t  q u en ch er o f  e th y le n e  f lu o re s c e n c e  fo llow ed  by n i t r o g e n ,  a i r
and a rg o n , r e s p e c t iv e ly .
I t  sh o u ld  be n o ted  in  F ig u re s  3 7 , 38 and 39 t h a t  th e  e th y le n e  
c a l i b r a t i o n  c u rv e s  a r e  n o t l i n e a r .  When th e s e  d a ta  w ere p lo t t e d  on 
lo g a r ith m ic  g rap h  p a p e r ,  th e  p lo t s  w ere more l i n e a r  and y ie ld e d  an  
e x p o n e n tia l  v a lu e  o f  1 ,4 . T h is  in d ic a te d  th a t  r e l a t i o n s h ip  betw een
f lu o re s c e n c e  i n t e n s i t y ,  I ^ ,  and e th y le n e  c o n c e n t r a t io n ,  C, was 
1 4IfO C C  ' . I f  s e l f - a b s o r p t io n  i s  n e g l i g i b l e ,  the  f lu o re s c e n c e  i n ­
t e n s i t y  would be p r o p o r t io n a l  to  th e  p ro d u c t o f  th e  quantum  e f f i c i e n c y ,
Q, and th e  c o n c e n t r a t io n ,  nam ely I f cC QC. T h e re fo re , th e  s tu d y  showed 
t h a t  th e  quantum e f f i c i e n c y  may have v a r ie d  w ith  e th y le n e  c o n c e n t r a t io n .
0  2  ]  o  a  a
Dake re p o r te d  such  a  v a r i a t i o n  and found t h a t  QoCC * o r  I f  CXI. C '  .
L . E th y len e  F lu o re sc e n c e  I n t e n s i t y  v e rs u s  L ase r Power:
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EthyUn* Concentration (% by v»l.)
3.4
F ig u re  37.
F lu o re sc en c e  I n te n s i ty  v e rs u s  C o n ce n tra tio n  o f 
E th y le n e , S tudy I .
E xperim ents were perform ed w ith  an  a i r - f i l l e d  c e l l .  The 
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E thykn*  C oncentration (%byv«i.)
F ig u re  38.
F lu o rescen ce  I n te n s i ty  ve r s u s  C o n cen tra tio n  of 
E th y len e , S tudy I I .
F lu o re sc en c e  i n t e n s i t i e s  were observed  a t  10 .4  m icrons and w ith  





Ethylono C oncentration (VobyvoL)
F ig u re  39.
F lu o re sc en c e  I n t e n s i t y  v e rsu s  C o n c e n tra tio n  o f 
E th y le n e , Study I I I .
F lu o re sc en c e  i n t e n s i t i e s  were observed  a t  10 .4  m icrons and w ith  
d i f f e r e n t  c e l l  a tm o sp h eres: Vacuum and a i r .
s tu d ie d ,  u s in g  th e  same e x p e r im e n ta l d e s ig n  as  th e  p rev io u s  s tu d y . 
E th y le n e  was in tro d u c e d  in to  a  n i t r o g e n  f i l l e d  c e l l  and f lu o re s c e n c e  
I n t e n s i t i e s  were m easured a t  v a r io u s  l a s e r  pow ers. The l a s e r  beam was 
a t te n u a te d  by p la c in g  s e v e ra l  I r t r a n - 2  windows in  i t s  p a th . T h is  gave 
r e l a t i v e l y  c o n s ta n t  l a s e r  power a t  6 , 9 , 12, 16, 22 and 30 w a t t s .  
E th y le n e  c o n c e n tra t io n s  o f  0.4%, 0.8% , 1 . 2 %, 1.6% and 2 . 0 % by volume 
w ere u sed . F lu o re sc en c e  m easurem ents were made a t  10.4 m ic ro n s . The 
e x p e r im e n ta l r e s u l t s  w ere p lo t te d  on lo g a rith m ic  graph p a p e r , and the 
s lo p e  o f  th e  b e s t  s t r a i g h t  l in e  was c a lc u la te d .  The s lo p e  o f  th e  r e ­
s u l t i n g  p lo t  re p re s e n te d  th e  v a lu e  b in  th e  e q u a tio n :  1 ^ = aP ^ , where 
1 ^ i s  th e  f lu o re s c e n c e  i n t e n s i t y ,  F i s  th e  l a s e r  power, a i s  a  con­
s t a n t .  The r e s u l t s  a re  summerized in  Table V I. As seen in  th e  t a b le ,  
th e  f lu o re s c e n c e  i n t e n s i t y  was r e l a t e d  a lm ost l i n e a r l y  w ith  l a s e r  
pow er.
M. E th y len e  L ife t im e  S tudy:
I n t r o d u c t io n : M easurem ent o f  th e  v ib r a t i o n a l  l i f e t im e  o f  a
m o lecu le  p ro v id es  some u n d e rs ta n d in g  o f  energy t r a n s f e r  mechanism in -
94v o lv e d  in  d e a c t iv a t io n .  T h e re fo re , . m easurem ent o f  the  l i f e t i m e  i s  one 
o f  th e  im p o rtan t e x p e r im e n ta l o b je c t iv e s  to  be m easured in  t h i s  s tu d y . 
The l i f e t im e  s tu d y  o f  th e  e x c ite d  m o lecu les p roduced  by l a s e r  a b so rp tio n  
w ould be a ls o  o f  im portance  in  a n a l y t i c a l  c h e m is try . I f  e x c i te d  mole­
c u le s  have a ve ry  long  l i f e t im e ,  th e r e  would be a  h ig h  p r o b a b i l i ty  o f  
b e in g  c o l l i s i o n a l l y  d e a c tiv a te d  b e fo re  they  had a  chance to  f lu o r e s c e .  
Such s p e c ie s  would g iv e  a low a n a l y t i c a l  s e n s i t i v i t y  fo r  i t s  d e te rm in ­
a t i o n  because o f  i t s  weaker f lu o re s c e n c e  s ig n a l .  In  a d d i t io n ,  i f  th i s  
te c h n iq u e  were to  be used  fo r  rem ote s e n s in g , l i f e t im e  and ra n g e  re s o ­
lu t i o n  would be r e l a t e d  by th e  fo llo w in g  e q u a tio n :
TABLE V I.
STUDY OF ETHYLENE FLUORESCENCE INTENSITY* v e rs u s  USER POWER
E th y len e  C o n cen tra tio n * *  b***
% ( I f  “  aP )
0 .4 0.97 ±  0 .0 5
0 . 8 0.89 ±  0 .0 4
1 . 2 0.87 ±  0 .0 3
1 . 6 0.92 ±  0 .0 3
2 . 0 0.93 ±  0 .0 3
♦M easured a t  10 .4  m ic ro n s .
**By volume % in  a  a i r - f i l l e d  c e l l .
***b i s  th e  d e te rm in ed  s lo p e  from p lo t s  o f  f lu o re s c e n c e  
i n t e n s i t i e s  and l a s e r  powers on a lo g a rith m ic  graph 
p a p e r .
****fcrror t he s ta n d a rd  d e v ia t io n  o f a t  l e a s t  f iv e  
m easurem ents.
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** =  |  ( t 0  + t g + T )   Eq. 6 4 2
where *R ~ ran g e  r e s o lu t io n  
C = speed o f  l ig h t  
tg  « l a s e r  p lu se  w id th  
tg  = g a te  w id th  o f d e te c t io n  system  
T  = l i f e t im e  o f  f lu o r e s c e n t  sp e c ie s  
T h e re fo re , th e  s h o r te r  th e  l i f e t i m e ,  , th e  b e t t e r  th e  ran g e  r e s o lu t io n  
f o r  mapping th e  d i s t r i b u t i o n  o f  a i r  p o l lu t a n t s .
E x p erim en ta l P ro ced u res  and R e s u l t s : For t h i s  experim ent,
e th y le n e  f lu o re sc e n c e  was o b serv ed  from v a r io u s  e th y le n e  c o n c e n tra tio n s  
in  an  evacuated  g la s s  c e l l ,  F ig u re  1. E th y len e  c o n c e n tra tio n s  used 
ran g ed  between 28 and 253 t o r r .  The la s e r  beam was chopped a t  13 Hz 
by th e  PAR chop p er. The f lu o re s c e n c e  s ig n a l ,  f i l t e r e d  by a 7 to  15 
m icron  bandpass f i l t e r ,  was a m p lif ie d  by th e  PAR a m p l i f ie r  and d isp la y e d  
on th e  o s c i l lo s c o p e ,  which was t r ig g e r e d  by th e  chopper. The e x p e r i­
m e n ta l d e s ig n  i s  shown in  F ig u re  40 .
S e v e ra l d i f f i c u l t i e s  w ere en co u n te red  in  t h i s  ex perim en t.
The d iam e te r o f  th e  l a s e r  beam was ap p ro x im a te ly  1cm. As th e  edge o f  
th e  chopper b lad e  swept th ro u g h  th e  l a s e r  beam a r e l a t i v e l y  g radua l 
d e c re a se  in  l a s e r  power r e s u l te d  r a th e r  th a n  th e  d e s ir e d  in s ta n tan e o u s  
b lo ck ag e  o f  th e  beam. In  an e f f o r t  to  make th e  chopping more e f f e c t iv e ,  
th e  l a s e r  beam was focused  to  a p o in t in  th e  p lan e  o f  b la d e .  This p ro ­
c e s s  g e n e ra te d  a b e t t e r  square-w ave e x c i t a t io n  s ig n a l .  A f u r th e r  
c o m p lic a tio n  to  o b ta in in g  a  square-w ave s ig n a l  was t h a t  th e  la s e r  p ro ­
duced 120 Hz A .C . s ig n a l .  The l a s e r  o u tp u t i s  shown in  a p rev io u s  s e c t i o n ,  
F ig u re  11.
F ig u re  40 .
O p tic a l  A rrangem ent fo r  L ife tim e  S tu d ie s .
P erk in -E lm er L aser 2 . F ocusing  M irro r  3. Chopper 4 . F lu o rescen ce  C e ll
Bandpass F i l t e r  6 . D e te c to r  7. A m p lif ie r  8 . O sc illo sc o p e
Due to  th e  weak f lu o re s c e n c e  s ig n a l ,  T .G .S . d e te c to r  was u sed  in  th e  s tu d ie s .
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The m ajor d i f f i c u l t y  en co u n te re d  in  t h i s  s tudy  was b ased  upon 
th e  w eakness o f  th e  e th y le n e  f lu o re s c e n c e  s ig n a l .  The s ig n a l  to  n o ise  
r a t i o  o b ta in a b le  by a d e te c to r  i s  p ro p o r t io n a l  to  th e  p ro d u c t o f  d e te c ­
t i v i t y  and d e te c to r  e le m e n ta l a re a  o f  th e  d e te c to r .  In  o rd e r  to  observe  
th e  f lu o re s c e n c e  s ig n a l  on an o s c i l lo s c o p e ,  i t  was n e ce ssa ry  to  employ 
th e  T .G .S . d e te c to r .  As in d ic a te d  p r e v io u s ly ,  th e  resp o n se  tim e  o f 
t h i s  d e te c to r  was to o  slow  to  d e te c t  s ig n a ls  s h o r t e r  th an  th e  o rd e r  o f 
m a ec ., F ig u re  11, b u t th e  d e te c to r  was s e n s i t iv e  due to  i t s  h ig h  d e te c ­
t i v i t y  and la rg e  a re a  o f  d e te c to r  e le m e n t. The re sp o n se  tim e o f  th e  
a v a i l a b le  c ry o g en ic  d e te c to r  was s u f f i c i e n t l y  r a p id .  A lthough th e  
d e t e c t i v i t y  o f  t h i s  d e te c to r  was one o rd e r  m agnitude h ig h e r  th a n  th a t  
o f  th e  T .G .S . d e te c to r ,  in  p r a c t ic e  th e  s ig n a l  to  n o is e  r a t i o  o f  th e  
d e te c to r  was low er th a n  th a t  o f  th e  T .G .S . d e te c to r  f o r  a same in f r a r e d  
f lu x  due to  th e  s m a lle r  e f f e c t iv e  a r e a  o f  th e  c ry o g en ic  d e te c to r  
e lem en t. T hus, i t  was n o t p o s s ib le  to  u se  the  c ry o g en ic  d e te c to r  fo r  
t h i s  s tu d y . I f  th e  in f r a r e d  r a d ia t io n  cou ld  be fo cused  on to  th e  sm all 
d e te c to r  e lem en t, h ig h e r  s ig n a l  to  n o is e  r a t i o  would r e s u l t .  An e f f o r t  
was made to  focus th e  f lu o re sc e n c e  r a d i a t i o n  o n to  th e  d e te c to r  e lem ent 
o f  th e  c ry o g e n ic  d e t e c to r ,  because o f  la c k  o f  equipm ent no r e l i a b l e  r e ­
s u l t s  w ere o b ta in ed  w ith  the  d e te c to r .
F ig u re  41 shows th e  o s c i l lo s c o p ic  t r a c e  o b ta in e d  w ith  e th y le n e  
a t  28 t o r r .  The f lu o re s c e n c e  decay cu rv es  fo r  each  c o n c e n tra t io n  were 
p lo t te d  on lo g a rith m ic  paper.. The s lo p e  o f  the  l in e  o b ta in ed  from  th e se  
p lo t s  was th e  in v e rs e  o f  th e  l i f e t im e  f o r  a g iven  e th y le n e  c o n c e n tr a t io n .  
The l i f e t im e  o b ta in ed  f o r  a l l  c o n c e n tra t io n s  was a b o u t 25 m sec. I t  was 
f e l t  t h a t  t h i s  l i f e t im e  cou ld  be a m easure  o f d e te c to r  re s p o n se , n o t 
f lu o re s c e n c e  l i f e t im e .  The resp o n se  c u rv e  o f th e  T .G .S , d e te c to r  i s  




t (m i« .)
F ig u re  41 .
F lu o resc en c e  Decay Curve o f  E th y len e .
E th y len e  c o n c e n tra t io n  u sed  was 28 t o r r  in  vacuum c e l l .
L ase r was o f f  a t  t  = 0 .  Bandpass f i l t e r  used was 7-15 m ic ro n s . D e tec to r 
u sed  was th e  T .G .S . d e t e c to r .  S lope  o f  th e  cu rve  in d ic a te d  th a t  th e  l i f e ­
tim e  was abou t 25 m sec ., which was a l s o  th e  v a lu e  observed  from  th e  
d e te c to r  w h ile  c o o lin g .
" l i f e t im e "  was de term in ed  f o r  th e  T .G .S . d e te c to r  i n  i t s  co o lin g  p e r io d .
I t  was found to  be v e ry  much s im i la r  to  th a t  o b ta in e d  f o r  e th y le n e  
f lu o re s c e n c e . T hu s, th e  maximum v a lu e  o f  th e  e th y le n e  f lu o re sc e n c e  
l i f e t im e  fo r  a l l  c o n c e n tra tio n s  was 25 m sec. Based on th e se  d a ta ,  f u r t h e r  
d ed u c tio n s  c o n ce rn in g  e th y le n e  l i f e t im e  cou ld  n o t be made.
To d e te rm in e  th e  l i f e t im e  o f e th y le n e  f lu o re s c e n c e  more 
a c c u r a te ly ,  a  d e te c to r  w ith  a  more r a p id  re sp o n se  would be r e q u ir e d .
The a v a i la b le  c ry o g e n ic  d e te c to r  was s u f f i c i e n t l y  r a p id ,  bu t i t  co u ld  
n o t be used in  t h i s  s tudy  because o f  th e  reaso n s abo v e. For i t  to  be 
u sed  w ith  th e  p re s e n t  f lu o re sc e n c e  s ig n a l s ,  an av erag e  o f  c o n se c u tiv e  
t r i a l s  would be th e  s im p le s t s o lu t io n .  No such c a p a b i l i t y  e x is te d  
w ith  th e  a m p l i f ie r s  a v a i l a b le .  An a l t e r n a t e  approach  would be th e  
u se  o f  h igh  power p u lsed  la s e r  which would cause  a s t r o n g e r  f lu o r e s ­
c e n c e , but such a  l a s e r  was a ls o  u n a v a i la b le .
Yuan and F lynn  have re p o r te d  v ib r a t io n a l  l i f e t im e s  o f e x c i te d
e th y le n e  m o lecu les  by an in f r a r e d  l a s e r  double re so n an ce  te ch n iq u e  which
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u t i l i z e d  two l a s e r s .  The f i r s t  l a s e r  caused  t r a n s i t i o n  between two
v i b r a t i o n a l - r o t a t i o n a l  s t a t e s ,  th u s  changing  th e  p o p u la tio n  o f th e se
s t a t e s . The second la s e r  was used  f o r  m o n ito rin g  th e  IR a b so rp tio n  by
th e  g a s . From t h i s  d a ta  i t  was p o s s ib le  to  m o n ito r p o p u la tio n  changes.
A ccord ing  to  th e  s tu d y , th e re  a re  two d i s t i n c t  decay p ro c e sse s  in  th e
IJ-j v i b r a t i o n a l - r o t a t i o n a l  s t a t e s  (1 0 .6  m icron  band) o f  e th y le n e .  One
3 - 1  -1decay  p ro cess  was slow  being  7,14 x 10 sec 1  t o r r  as  e th y le n e  s e l f ­
d e a c t iv a t io n  r a t e ,  and th e  second decay p ro cess  was much f a s t e r  be ing  
3 .4 9  x 105  s e c - * t o r r " * .  These r a t e s  w ere bo th  found to  in c re a s e  w ith  
in c re a s in g  e th y le n e  p re s s u re . The s lo w er p ro cess  was th e  v ib r a t i o n a l -  
r o t a t i o n a l / t r a n s l a t i o n a l  energy t r a n s f e r ,  w hile  th e  f a s t e r  one was
th o u g h t to  be th e  energy  t r a n s f e r  to  nearb y  v ib r a t i o n a l  le v e l s  v ia  
v ib r a t i o n a l - v ib r a t i o n a l  en erg y  t r a n s f e r  p ro c e s s e s .
From th e se  r a t e  v a lu e s ,  th e  l i f e t im e s  o f  e x c i te d  e th y le n e  
a t  28 t o r r  w ere c a lc u la te d  to  be 5 .0  x  10”^ seconds f o r  th e  s lo w er 
p ro cess  and 1 .2  x 10- 7  seconds f o r  th e  f a s t e r  p ro c e ss . I f  t h i s  e th y le n e  
c o n c e n tra t io n  w ere p re s e n t  in  am bient a i r ,  th e  l i f e t im e s  would be even 
s h o r t e r .  These c a lc u la t io n s  w ere made as fo llo w s : In  th e  quenching
experim en t o f  e th y le n e  f lu o re s c e n c e  by a f o r e ig n  gas a t  h ig h  p r e s s u r e ,  
i t  was shown th a t  th e  f lu o re s c e n c e  s ig n a l  o f  e th y le n e  a t  15 t o r r  was 
quenched by a f a c to r  o f  fo u r  when a i r  was added to  th e  c e l l  u n t i l  a t ­
m ospheric  p re s s u re  was re a c h e d , F ig u re  28 . T h e re fo re , by u s in g  Eq. 3 ,
»
w here T Jj, *T “  l i f e t im e s  o f  p u re  e th y le n e  and e th y le n e  w ith  f o r e ig n  
g a se s , r e s p e c t iv e ly .
I j  , I f  * f lu o re s c e n c e  i n t e n s i t i e s  o f  p u re  e th y le n e  and e th y le n e  
w ith  f o r e ig n  g a s e s , r e s p e c t iv e ly ,  
th e  l i f e t im e s  o f  e th y le n e  in  a tm osphere  w ere found to  be a p p ro x im a te ly
1 .3  x  10 ’ 6  seconds f o r  th e  fo rm er p ro cess  and 0 .3  x 10- 7  seconds f o r
th e  l a t t e r .  These l i f e t im e s  co rresp o n d ed  to  1 .1  x 10^ c o l l i s i o n s  and 
2
3 .3  x 10 c o l l i s i o n s  p e r  e x c i te d  e th y le n e  m o le c u le , r e s p e c t iv e ly .  To 
e v a lu a te  a  rem ote mapping te ch n iq u e  fo r  th e se  s p e c ie s ,  th e  c a lc u la te d  
e th y le n e  l i f e t im e s  in  a tm osphere  would g iv e  th e  range r e s o lu t io n ,  a R  in  
th e  e q u a tio n  6 , to  be betw een 200 and 50 m e te rs  i f  p r a c t i c a l  v a lu e s  o f
—A —80 .2  x 10"° seconds f o r  a  l a s e r  p u ls e  w id th , t Q, and 5 .0  x  10 seconds
42 44f o r  a g a te  w id th , t g , were em ployed. *
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The c o n c lu s io n  from t h i s  in co m p le te  s tu d y  can  o n ly  be c o n s id e re d  
to  be in d i c a t iv e ,  r a t h e r  th an  c o n c lu s iv e .  However, i t  ap p ea rs  t h a t  th e  
l i f e t im e s  w ere s u f f i c i e n t l y  s h o r t  un d er a tm o sp h eric  p re s su re s  and in  th e  
p re sen ce  o f  0 ^ and to  pe rm it th e  g e n e ra t io n  o f  a n a ly t i c a l l y  u s e f u l  
f lu o re s c e n c e  s ig n a l s .  Ranging sh o u ld  be p o s s ib le  to  w ith in  a  few hundred 
m e te rs  and quenching sh o u ld  no t p ro v id e  an  in su rm o u n tab le  problem .
N. F e a s i b i l i t y  S tudy o f  th e  Long P a th  C e l l  f o r  M o n ito rin g  F lu o re sc e n c e :
The a n a l y t i c a l  s e n s i t i v i t y  f o r  th e  d e te c t io n  o f  e th y le n e  
f lu o re s c e n c e  was found to  be a p p ro x im a te ly  0.1%. T h is  le v e l  was too 
low to  be u sed  f o r  d i r e c t  p o l lu t io n  d e te c t io n .  The u se  o f  a h ig h e r  power 
l a s e r  and a  b e t t e r  d e te c t io n  sy stem , b o th  o f w hich w ere com m ercially  
a v a i l a b le ,  would low er th e  s e n s i t i v i t y  to  th e  r e q u ire d  a n a ly t i c a l  ran g e  
f o r  am bient a i r  m o n ito r in g . Dake h a s  d em onstra ted  a  h y p o th e t ic a l  r e ­
mote s e n s in g  a p p a ra tu s  f o r  e th y le n e  f l u o r e s c e n c e ,^  i n  which he used a
1,000 w a tt o u tp u t l a s e r  and a d e te c to r  w ith  1 0 ^ 3  d e t e c t i v i t y .  C a lc u la t io n s  
c o n s id e r in g  t h i s  a p p a ra tu s  in d ic a te d  t h a t  o n e - te n th  o f  a p a r t  p e r  m i l l io n  
e th y le n e  co u ld  be d e te c te d  a t  a ran g e  o f  1 0  k i lo m e te r s .
To t e s t  th e  f e a s i b i l i t y  o f  rem ote s e n s in g  o f  e th y le n e  f lu o r e s ­
c en c e , a lo n g  p a th  c e l l  was b u i l t  as  shown in  F ig u re  42 . The c e l l  con­
s i s t s  o f  two s e p a ra b le  p ie c e s :  A s t a i n l e s s  s t e e l  box 26cm x 21cm x  15cm 
and a  P y rex  g la s s  c y l in d e r  50cm long and 10.5cm in  d ia m e te r . The two 
p ie c e s  w ere h e ld  to g e th e r  by a clam p. The two concave m ir ro rs  f o r  
c o l l e c t i o n  o f  f lu o re s c e n c e  were a l ig n e d  w ith  a he lium -neon  l a s e r .
F lu o re sc en c e  s ig n a l s  from 0.4% e th y le n e  w ere m easured a t  10 .6  
and 7 .2  m ic ro n s . The o b serv ed  s ig n a l s  were compared w ith  th o se  o b ta in e d  
w ith o u t th e  c o l le c t in g  m ir r o r s .  The r e s u l t s  in d ic a te d  th a t  s ig n a l
3
24 cm 5 0  cm
1. S ta in le s s  S te e l  Box 
4 . I r t r a n - 2  Windows
F ig u re  42 . 
Long P a th  C e l l .  
2 . G lass C y lin d e r 
5 . P rim ary  M irro r
3 . L aser Beam 
6 . Secondary M irro r
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i n t e n s i t i e s  in c re a se d  60% when th e  two m ir ro r s  were in  p la c e .  However, 
th iB  h ig h e r  s ig n a l  was a lm o st i d e n t i c a l  to  t h a t  m easured when u t i l i s i n g  
th e  sm all g la s s  c e l l ,  F ig u re  1. T his im p lied  th a t  s e l f - a b s o r p t io n  by 
e th y le n e  was a  s e r io u s  p rob lem . S e l f - a b s o r p t io n  occu rs  when th e  f l u o r ­
escen ce  s ig n a l  t r a v e l s  th ro u g h  a re g io n  c o n ta in in g  u n e x c ite d  e th y le n e  
m o le c u le s . The g r e a te r  t h i s  d i s ta n c e ,  th e  g r e a te r  th e  problem  o f  s e l f ­
a b s o r p t io n .  T h is  d is ta n c e  in  th e  long p a th  c e l l  was th r e e  tim es g r e a te r  
th a n  th a t  i n  th e  sm all g la s s  c e l l .
A lthough  a  s ig n i f i c a n t  in c re a s e  in  th e  s e n s i t i v i t y  was no t 
o b se rv ed , th e  f e a s i b i l i t y  o f  a  long  p a th  f o r  m o n ito rin g  f lu o re s c e n c e  
was d e m o n s tra ted . At low er e th y le n e  c o n c e n tr a t io n ,  s e l f - a b s o r p t io n  
would be n e g l ig ib l e ,  and th e  long  p a th  m ethod o f  m o n ito r in g  f lu o re s c e n c e  
would be m ore a t t r a c t i v e .  However, such a  c o n c e n tra t io n  o f  e th y le n e  
was beyond th e  d e te c t io n  l im i t  o f  th e  p re s e n t ly  a v a i la b le  equ ipm ent.
0 .  Engine E xhaust S tudy:
A lth o u g h  th e  in f r a r e d  induced f lu o re s c e n c e  te c h n iq u e  had n o t 
been  f u l l y  r e f in e d ,  a tte m p ts  were made to  d em onstra te  th e  p r a c t i c a l  
u t i l i t y  o f  th e  system . Two a re a s  o f  r e c e n t  concern  were (a )  hydrocarbon  
and (b) s u l f u r  d io x id e  e m iss io n  from au to m o b ile  e x h a u s t.
An e f f o r t  was made to  d e te c t  hyd rocarbon  compounds in  ex­
h a u s t  g ases from  a C lin to n  Model 350 eng ine  (one c y l in d e r ) .  The system  
employed i s  shown in  F ig u re  4 3 . R a th e r th a n  a  m onochrom etor, th e  T .G .S . 
d e te c to r  was u sed  in  c o n ju n c tio n  w ith  s e v e ra l  bandpass f i l t e r s .  The 
l a s e r  beam was focused  on a s p o t above th e  ex h au s t p ip e  and a  c o l l e c t io n  
m ir ro r  was u sed  to  focus f lu o re s c e n c e  from t h i s  sp o t on to  th e  d e te c to r .  
When th e  e n g in e  was ru n n in g , a  s tro n g  s ig n a l  was d e te c te d  w ith  a 7-15 
m ic ro n  bandpass f i l t e r ,  b u t no s ig n a ls  w ere d e te c te d  when a  1 .7 5 -5  m icron
s
/
F ig u re  43 .
O p tic a l  A rrangem ent fo r  Engine E xhaust S tu d ie s .
1. P e rk in -E lm er L aser 2 . Chopper 3 ,4 . F ocusing  M irro rs  5 . E xhaust P ipe
6 . B fndpass F i l t e r  7. T .G .S . D e te c to r  8 . A m p lif ie r  9. R ecorder
S im ila r  o p t ic a l  arrangem ent was used in  s u l f u r i c  a c id  ex p e rim en ts , in  which an a s p ir a te d  
s tream  o f  s u l f u r i c  a c id  was d i r e c te d  in to  a  focused  l a s e r  beam.
I l l
o r  a  3 .3 -1 0  m icron  bandpass f i l t e r  was u sed . T h e re fo re  th e  observed  s i g ­
n a l  was o r ig in a te d  from  w aveleng th  betw een 10 to  15 m ic ro n s . No f u r th e r  
d e l im i ta t io n  o f  w aveleng th  f o r  th e  s ig n a l  was made, and th e  d e te c te d  
s ig n a l  was assumed to  r e s u l t  from s c a t te r e d  l a s e r  r a d ia t io n  by p a r t i c u l a t e s  
in  th e  e n g in e  e x h a u s t .
The f a c t  t h a t  t h i s  experim en t was no t s u c c e s s fu l  m ight be due 
to  s e v e ra l  f a c t o r s .  The f i r s t  be ing  t h a t  the  flow  o f  ex h au st gases 
from th e  one c y l in d e r  en g in e  was v e ry  e r r a t i c .  A second i s  la c k  o f 
s e n s i t i v i t y  o f  th e  p re s e n t  l a s e r  induced  f lu o re s c e n c e  system .
R e c e n tly , s u l f u r i c  a c id  has b een  observed  in  au tom ob ile  ex h au st
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g a s e s . The p la tin u m  c a t a l y s t  c o n v e r to r ,  which w i l l  be re q u ire d  fo r
1975 a u to m o b ile s , w i l l  c o n v e r t s u l f u r  d io x id e  to  s u l f u r  t r i o x id e ,
which combines w ith  w a te r  to  form s u l f u r i c  a c id .  H o st p re s e n t  methods
fo r  d e te rm in in g  s u l f u r i c  a c id  re q u ire  sample c o l l e c t i o n .  C o n sequen tly ,
a  rem ote s e n s in g ,  such  as  l a s e r  induced  f lu o re s c e n c e , would be d e s i r a b le .
In  an  e f f o r t  to  d e te rm in e  th e  f e a s i b i l i t y  o f  rem ote sen s in g
f o r  s u l f u r i c  a c id ,  a  fo cu sed  l a s e r  beam was d i r e c te d  in to  an  a s p ir a te d
s tre am  o f  s u l f u r i c  a c id  and th e  r e s u l t a n t  f lu o re s c e n c e  was m easured.
The system  used f o r  t h i s  s tu d y  was b a s ic a l ly  th e  same as  th e  one shown
in  F ig u re  4 3 . S tro n g  s ig n a l s  were observed  w ith  bo th  th e  7-15 m icron and
3 .3 -1 0  m icron  bandpass f i l t e r s .  No s ig n a l  was observed  when th e  1 ,75-5
m icron  bandpass f i l t e r  was em ployed. These l a t t e r  f lu o re sc e n c e  s ig n a ls
w ere n o t however re p e a ta b ly  o b serv ed . In  l a t e r  s tu d ie s  u s in g  th e  s im i la r
system , Robinson and R eid o b ta in e d  an in f r a r e d  f lu o re s c e n c e  spectrum  o f  
98s u l f u r i c  a c id .  T h is  spectrum  re v e a le d  a s tro n g  6 .3  m icron  s ig n a l .
F . L aser Induced Chem ical R eac tio n :
One o f  th e  u ses  o f  l a s e r s  in  c h em is try  i s  th e  prom otion  o f
ch em ica l r e a c t io n s .  M onochrom atic l a s e r  l i g h t  can  s e l e c t i v e ly  p o p u la te
a  s in g le  e x c i te d  s t a t e  o f  a  m o le c u le , w hich w i l l  h o p e fu lly  lead  to  a
go
s e le c t iv e  r e a c t io n .  Such m ethods cou ld  be used  in  s y n th e s iz in g  a 
compound o r  s e p a ra t in g  a  compound from an  i n d u s t r i a l  m i x t u r e . ^  Cases 
have been re p o r te d  in  which an  in f r a r e d  l a s e r  enhanced a r e a c t io n  ra te ,^ * - 
and in  which r e a c t io n s  w ere i n i t i a t e d  by in f r a r e d  l a s e r  r a d ia t io n s
In  th e  c o u rse  o f  a s tu d y  o f oxygen in te r f e r e n c e  on e th y le n e  
f lu o re s c e n c e ,  a chem ical r e a c t io n  betw een e th y le n e  and oxygen was n o te d . 
When a 5 :1  e th y len e-o x y g en  m ix tu re  in  a g la s s  c e l l ,  F ig u re  1, was ex­
posed  to  th e  CC> 2  l a s e r  beam, a w h ite  f ilm  formed on th e  c e l l  w a ll w ith ­
i n  a  m in u te . T h is  m ix tu re  was n e a r  th e  f la m m a b ility  l im i t  o f  e th y le n e . 
F o r m ix tu re s  w ith  la r g e r  oxygen c o n te n ts ,  no r e a c t io n  w ere o b serv ed .
The s o l id  formed from th e  5 :1  e th y len e -o x y g en  m ix tu re  was 
tra p p e d  in to  an ic e -c o o le d  U -tube fo r  a n a ly s i s .  The tra p p e d  s o l id  was 
I d e n t i f i e d  a s  parafo rm aldehyde and i t s  1 R a b s o rp tio n  spectrum  i s  shown 
in  F ig u re  4 4 . F u r th e r  a n a ly s is  o f  th e  s o l id  was conducted  u s in g  th e  
mass sp e c tro m e te r . The r e s u l t s  in d ic a te d  th a t  th e  s o l id  was o f h ig h  
p u r i t y ,  th e  o n ly  im p u rity  b e in g  t r a c e  amounts o f  w a te r .  The gas phase 
r e s u l t i n g  from th e  r e a c t io n  was analyzed  w ith  a gas chrom atograph-m ass 
sp e c tro m e te r  co m b in a tio n . The r e s u l t s  were r a th e r  u n ex p ec ted . There 
w ere many compounds In  th e  m ix tu re , th e  sev en  m ajor components be ing  
id e n t i f i e d  as  m ethane, carb o n  d io x id e , e th a n e , p ro p y le n e , a c e ta ld e h y d e , 
b u ta d ie n e  and benzene. None o f  th e se  compounds were found as  im p u r i t ie s  
In  th e  e th y le n e  o r  oxygen. T h e re fo re , th e se  compounds r e s u l te d  from an 
e th y len e -o x y g en  r e a c t io n .
The e th y len e -o x y g en  r e a c t io n  co u ld  have been  induced by a b ­
s o r p t io n  o f  th e  l a s e r  r a d i a t i o n ,  a lth o u g h  th e re  a re  o th e r  p o s s i b i l i t i e s .  
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F ig u re  44.
IR A b so rp tio n  Spectrum  o f  S o lid  P ro d u ct 
S o lid  r e a c t io n  p ro d u c t was p ro cessed  w ith  KBr fo r  IR a b s o rp tio n . The p ro d u c t was id e n t i f i e d  
as  parafo rm ald eh y d e.
Co p ara fo rm ald eh y d e . Ozone co u ld  be p re s e n t  in  th e  oxygen tan k  o r  g e n e r­
a te d  from an  o x y g e n -la se r  r a d i a t i o n  i n t e r a c t i o n .  T h e re fo re , an a tte m p t 
was made to  d e t e c t  ozone i n  th e  system .
Oxygen was p assed  th ro u g h  th e  gas c e l l  and exposed  to  th e
l a s e r  beam f o r  a n -h o u r. D uring  t h i s  r e a c t io n  p e r io d , 120 l i t e r s  o f  
oxygen was I r r a d i a t e d .  A f te r  exposu re  th e  gas was bubb led  th rough  80 
m l o f  a  s ta n d a rd  io d id e  s o lu t io n ,  c o n ta in in g  0 .1  M o f  KH2 PO4 , 0 .1  M o f  
l^H P O ^ and 1 ,2  M K I. The UV a b s o rp tio n  o f  th e  io d id e  s o lu t io n  a t  3550
A was m e a s u r e d , a n d  no e v id en c e  o f ozone was seen . S in ce  th e  s e n s i ­
t i v i t y  o f  t h i s  io d id e  t e s t  f o r  ozone was 2 yUg/cc, th e  maximum amount o f  
ozone which would have gone u n d e te c te d  was 160/Ug. T his was no t s u f ­
f i c i e n t  ozone to  have caused  th e  observed  r e a c t io n .
T h is  e th y len e -o x y g en  r e a c t io n  was f u r th e r  s tu d ie d  by M oses.
The r e a c t io n  was found to  be i n i t i a t e d  by l a s e r  a b s o rp tio n  and n o t by
in c re a s e d  te m p e ra tu re  o f  th e  c e l l .  The r e a c t io n  mechanism i s  n o t y e t
c l e a r l y  u n d e rs to o d , b u t app eared  to  be i n i t i a t e d  by c le a v a g e  o f  th e
e th y le n e  ca rb o n  ca rb o n  bond. Such a c le a v a g e  would p roduce  r e a c t iv e
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m ethy lene  r a d i c a l s .  A s im i l a r  r e a c t io n  betw een p ro p y len e  and oxygen 
had  been o b se rv e d .
The u t i l i t y  o f  l a s e r  induced r e a c t io n s  cou ld  in c re a s e  w ith  
developm ent o f  tu n a b le  l a s e r s .  On th e  o th e r  hand, a l a s e r  I n i t i a t e d  
ch em ica l r e a c t io n  i s  a p o t e n t i a l  a n a ly t i c a l  in te r f e r e n c e  to  th e  l a s e r  
f lu o re s c e n c e  te c h n iq u e . Such chem ica l r e a c t io n s  would le a d  to  a de­
c r e a s e  in  th e  c o n c e n tra t io n  o f  th e  s p e c ie s  b e in g  m o n ito red , and con­






The te c h n iq u e  d e s c r ib e d  in  t h i s  d i s s e r t a t i o n  seems to  be 
a p p l ic a b le  to  m o le c u la r  a n a l y s i s .  Using a  m ore powerfuX l a s e r ,  a  more 
s e n s i t i v e  d e t e c to r ,  and a  more e f f e c t iv e  X ight coX Xection sy stem , th e  
s e n s i t i v i t y  o f  th e  te ch n iq u e  couXd be Xowered to  a  u s e fu l  a n a l y t i c a l  
r a n g e .  This in d ic a te s  a  p o t e n t i a l  a p p l ic a t io n  o f  th e  te ch n iq u e  to  a i r  
p o l lu t i o n  c o n t r o l .
I n te r f e r e n c e s  to  e th y le n e  f lu o re s c e n c e  by o th e r  c o - e x is t in g  
compounds w ere g e n e r a l ly  s m a l l ,  i f  measurement was made un d er a tm o sp h eric  
p r e s s u r e ,  even  when th e  i n t e r f e r i n g  compound was p re s e n t  in  much h ig h e r  
c o n c e n tr a t io n s .  A n a ly t ic a l  in te r f e r e n c e  o c cu rred  when a c o - e x is t in g  
compound abso rbed  l a s e r  r a d i a t i o n ,  o r  when i t  was s e n s i t iz e d  and f lu o re s c e d  
a t  a  w avelength  s im i la r  to  t h a t  b e in g  m easured . The form er in te r f e r e n c e  
w ould be e lim in a te d  i f  th e  l a s e r  co u ld  be tu n ed  such  th a t  th e  i n t e r f e r in g  
compound no lo n g e r  abso rbed  th e  e x c i t in g  r a d i a t i o n .  Use o f  a h ig h e r  
r e s o lu t io n  in f r a r e d  sp ec tro p h o to m e te r  would remove th e  l a t e r  in te r f e r e n c e .
T h e o r e t ic a l ly  an a n a l y t i c a l  in te r f e r e n c e  cou ld  r e s u l t  from 
l a s e r  induced ch em ica l r e a c t io n s .  In  p r a c t i c e ,  how ever, t h i s  in te r f e r e n c e  
was found to  be v e ry  s m a ll. The te ch n iq u e  r e q u ir e d  a  s h o r t  l a s e r  i r ­
r a d i a t i o n  tim e , w h ile  chem ical r e a c t io n s  needed a much lo n g e r exposure  
to  l a s e r  i r r a d i a t i o n  b e fo re  an  a p p re c ia b le  r e a c t io n  o c c u rre d .
In  s h o r t ,  th e  in f r a r e d  l a s e r  f lu o re s c e n c e  te ch n iq u e  has 
p o t e n t i a l  aB an  a i r  p o l lu t io n  m o n ito r . I t s  a d v an tag es  a re  (a )  sim p le  
and r a p id  a n a ly s is  o f  m o le c u la r  s p e c ie s ,  (b) freedom  from s e r io u s  
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I n f r a r e d  A b so rp tio n  S e p c tra
The fo llo w in g  pages c o n ta in  in f r a r e d  a b s o rp tio n  s p e c tr a  o f  
compounds u sed  in  t h i s  s tu d y . The s p e c tr a  w ere rep ro d u ced  from th e  
S a d t ie r  C a ta lo g  o f I n f r a r e d  S p e c tr a .  The compounds a re  a c e ta ld e h y d e , 
a c e to n e , a c e ty le n e j  b en sen e , 1 -b u te n e , carbon  d io x id e ,  carb o n  t e t r a ­
c h lo r id e ,  c h lo ro fo rm , cy c lo h ex an e , e th y l  a c e t a t e ,  e th y l  a lc o h o l ,  
e th y le n e , e th y l  e th e r ,  h e p ta n e , h ex an e , m ethane, m ethy l a lc o h o l ,  
n i t r i c  o x id e , n i t ro g e n  d io x id e ,  p a ra fo rm a ld eh y d e , p ro p an e , p ro p y le n e , 
s u l f u r  d io x id e  and w a te r ,  r e s p e c t iv e ly .
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